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The underwater mining has increased in the recent years and the growing awareness of the 
potential impacts on the environment, as results of increasing the encroachment on the 
marine environment. Therefore, the debate has increased about how to protect this 
environment by using the scientific research that's relevant to the various environmental 
effects and developing the equipment used in dredging. There is a wide diversity of 
underwater mining equipments, such as continuous and non-continuous dredging which used 
for production of sand, gravel, alluvial deposits and raw material. There are a relation 
between increasingly dredging activities in the recent years and their impacts on the aquatic 
environment. These impacts are causes by changes in the topography of the sea floor such as 
turbidity, noise and other environmental impacts.  
Today, there is an international framework of legislation which has been developed for 
dredging projects. This contains rules and regulations which must be followed by mining 
companies and have to implemented by national authorities. The European countries also 
develop their legislation to control on the dredged material which deposit on land and sea. 
This legislation is constantly changing related to scientific knowledge and increasing the 
implementation frameworks. Also, the people become more sensitive to emissions that have a 
negative attitude towards dredging in the neighborhood. In addition, dredging techniques give 
rise to objections, which eventually led to think in more environmentally-friendly production 
methods.   
After that, the use of dredger is the only alternative in some project. The question is what are 
the true benefits of these techniques and what is the relation between possible improvements 
and technological potential as well as the costs. Therefore, it is intended to assess mining 
techniques in the context of their environmental impact and the costs. There are many 
systematic approaches which have been used for evaluation and determination of the 
environmental performances of different dredging equipment, techniques and procedures. 
Moreover, the new future developments and latest proposals in the dredging industry have 
been presented. Also, the new proposal to reduce the turbidity and suspended material effect 
which is the most important environmental impacts during dredging operations has presented.  
This research work gives a description of underwater mining techniques and different way of 
evaluating the dredging equipment’s in term of environmental, economic and social aspects. 
Also, this work presents two different methods of evaluation. The first approach is the 
v 
 
statistical analyses method by using the modern Fuzzy evaluation concept. The second slant 
is a mathematical accounting method by using the information from the Egyptian case study, 
in order to reach the most environmental-friendly dredging techniques by taking into account 
the economic and social point of views. 
The final evaluation showed that the suction and bucket ladder dredger are the best choices. 
The assessment was made after comparing many parameters such as performance, 
characteristics, working depth, soil types and project area. Also, this work presents two 
different new practices for extraction of the underwater placer deposits which occur on the 
Egyptian Mediterranean coast.   
The first technique uses floating processing unit in the in situ area, which gets the extracted 
material and treated it to reduce the transportation costs. The second technique has divided 
the working area to many stages which make the suction dredger used also for transporting 
the material into the beach. The pipeline will be the best method of transportation by using 
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1.1 Background  
Raw material supply is now covered mostly by deposits on the mainland. A common process 
is that the first can easily reach deposits are exploited. Because the raw material prices have 
been increased in the last few years, various deposits with low levels, complex storage 
infrastructure and poor access are workable. After the deposits on land not brought the 
necessary production rates the sea floor technology is developed. (Herbich, 2000). The latest 
studies conducted on a worldwide have shown that, to guarantee the future of human 
existence, it must take a more responsible attitude towards the environment.  
Growing public consciousness and concern endorse the view that the potential effects on the 
environment which caused by dredging project must be studied to find solutions, to minimize 
the potential for infringement on the environment (Bray et al., 1997). Underwater mining 
may be defined as extraction the material from the underwater floor (river or sea) to the 
surface and transport it by pumping or hopper vessels into the beach. This, however, covers a 
wide range of activities from deepening of drainage canal to a very complex technique of 
dredging for marine minerals offshore. Dredging is a relatively young science which created 
with the advent of the industrial revolution. This ancient art has transformed into the greater 
scientific analysis (McLellan et al., 2000).  
1.2 Types of underwater mining  
Currently explored in the world marine natural resources have been divided in the past quite 
often after the occurrence in the different sediment types. However, it has become today more 
and more to make a classification according to the depth zones. This also has the advantage 
that is listed in most cases the resources to increasing deposit size, increasing value of the 
deposit content, increasing difficulties in mining extraction and by the economic burden. 
Figure 1.1 shows the two classification types of underwater mining (Gaster, 1987);  
a. Offshore mining: The working depth range is 130 m. 
b. Deep-sea mining: It ranges between 130 to 3000 m. 
This study has focused on the offshore mining type and the relevant sides, such as the 




and the evaluation of different types of techniques. Herewith the environmental balance of 
underwater mining project could be obtained (Helmut, 1979).  
Dredging activities is rapidly increased in the recent years, which are responsive to the 
awareness of the potential impacts on the environment. The underwater mining is a primary 
option for extract mineral and material from the sea bed or removal of contaminated material 
from aquatic environments (Ghosh and Ranadhir, 2000). It is commonly used to improve the 
navigable depths in ports and harbours or to win minerals from underwater deposits. It also 
used to clean up the environment (Bray, 2008). 
 
Figure ‎1.1: Schematic division of the continental margin (Ghosh and Ranadhir, 2000) 
Dredging is a necessary activity in the development of civilization. It may also be a useful 
tool for addressing the past environmental interference. Therefore, it is important to 
determine, that dredging project have a positive or negative impact on our environment. The 
environmental impact assessment should examine both short and long-term effects, and the 
sustainability of the changing environment (Bray, 2008). 
There is a wide diversity of underwater mining techniques, such as continuous and non- 
continuous dredging, which uses the production of sand, gravel, alluvial deposits and raw 
material. There are a relation between increasingly dredging activities in the recent years and 
their impacts on the aquatic environment. These impacts are causes by changes in the 
topography of the sea floor such as turbidity, noise and other impacts also occur. Underwater 
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mining techniques and dredging activities could be considered as one of the reasons of 
environmental change (Bray et al., 1997; Herbich, 2000).  
1.3 The environmental aspects  
Many of the environmental impacts of dredging are being discussed to understand and 
measure the changes in the environment which is important to justify the use of dredging 
equipment. Environmental, social and economic impacts for the mining project resulting 
from the dredging are numerous (Bray et al., 1997). All studies cannot present the detailed 
description on the environment of the dredging process and conducted on all over the world 
which shows the difficulty of studying the environmental impacts for the dredging process. In 
the past, the dredging projects focused on hydraulic and mining applications for navigation 
channels and extraction of minerals such as sand and tin ore. Today dredging has a much 
wider range of applications such as building islands, developing other land and cleaning up 
contaminated areas. (Bray, 2008: Herbich, 2000).  
The duration of long or short-term effects, is also important and must be considerable. The 
most important environmental impacts are turbidity, suspended sediment in the dredging 
area, the overflow water while loading hoppers, and the loss of dredged material (accuracy) 
from hoppers or pipelines during transport. On the other hand the disposal area also must be 
taking into account due to the high amount of water which transported with the extracted 
materials. The marine environment is very complex therefore to predict the impacts of 
dredging project in the short term is very difficult.  Of course, the re-suspension of material 
poses special problems and needed to rigorous scientific analysis (Lewis et al., 2001). 
The industrialized nations which have many ports and harbors have many contamination 
problems in the underwater soil with undesirable of metals and chemical compounds due to 
neglecting the environmental issues in the past. When the dredging starts; the contaminants 
will be released into the water column. Therefore, the environmental impacts of dredging 
may be more severe than before and will require closer scrutiny. In certain cases the very 
existence of the contaminated soils has led to dredging: by removing the contaminated soils 
and placing them in a more secure location, the environment is improved. The treatment and 
storage of contaminated soils is a highly complex subject and requires detailed study. 
(Spencer et al., 2006b; Palermo et al., 2002). 
Today, there is an international framework of legislation which relating to dredging projects 




companies and have to implemented by national authorities. The European countries also 
develop their legislation to control on the dredged material which deposit on land and sea. 
This legislation is constantly changing related to scientific knowledge and increasing the 
implementation frameworks. Also, the people become more sensitive to emissions that have a 
negative attitude towards dredging in the neighborhood. In addition, dredging techniques give 
rise to objections, which eventually led to think in more environmentally-friendly production 
methods (Azcue et al., 1998).  
1.4 Global distribution and legislation of important underwater minerals    
The growing interest for Exclusive Economic Zones (EEZ) deposits is connected to United 
Nations Convention on the Law of the Sea (UNCLOS). This UN declaration entitles a coastal 
state the exclusive economic rights within the 200 miles EEZ area, as long as the interests of 
all stake holders are protected and maintained within the UNCLOS legislation (Muijen, 
2004). The additional 200 mile zone increases the total area on which a coastal state holds 
exclusive rights tremendously, as is shown in figure 1.2. In certain circumstances the area can 
even be extended to 350 miles (Muijen, 2002). 
 
□ Au, AG, Pt; x Cr; + Barite; ♦ Ti,Zr,ReO; ● Sn; ♣ Aggregates; ♥ CaCo3; * Phosforites; ◘ Diamonds;                        
▼ Polymetallic Sulphates; ◊ Cb crusts; M Manganese Nodules; G Gashydrates 




Extraction of offshore mineral deposits is one of the more important economic possibilities 
and exclusivity increased interest tremendously. The most important offshore mineral mining 
activities are related to other minerals like diamonds, gold, tin, platinum, heavy minerals, 
iron, phosphorite, sand and gravel, but poly-metallic deposits and gas hydrates form an 
interesting growth potential. By using this economic area countries are also going the 
obligation in terms of sustainability and the legislation to be active. That restriction is 
necessary and appropriate, as the Dutch part of the North Sea. In their need to use 
competitors such as shipping, cable and pipeline laying, oil and gas production, fishing and of 
course the dredge-mining methods are brought into harmony. For the here considered most 
important aspect of the extraction result, for example specific dredging technologies that are 
applied preferably (Muijen, 2007).  
An important aspect of the legal analysis of resource extraction is the environmental 
protection. How important is an appropriate regulation and indicates how the environmental 
impact in the riparian area and the deep sea are considered. In the Netherlands the 
government has adopted a rule which contains the procedure for the extraction of dredgers. It 
specifies that examined different procedure and an environmental study to be published. 
Taking into account the influence on marine life as fully and degrade the speed at that the 
deposit is. It is approved the process that manages the least impression on the ecology and 
without significant changes in the structure of the seabed. 
1.5 Objectives 
1. The main objective consists of the development and applied the environmental 
methods for extraction deposit from underwater floor. 
2. The aim of the innovation and competitiveness of the enterprises is enhanced and 
increasing the environmental benefits of the use of environmentally-friendly 
production methods. 
3. The results of the research project contribute to the use of a given under the special 
conditions of the target and environment friendly mining process to minimize 
environmental impact. 
1.6 Research questions 
1. What is the purpose of dredging? And what is dredged material? 





3. How could be developing a new environmentally-friendly dredging technique? And 
how to evaluate the underwater mining techniques related to the environment? 
4. How to choose the environment-friendly technology by taking into account 
commercial and social aspects?   




2 State of the Art 
2.1 Classification of dredging project        
To understand the importance of the dredging impacts, all types of dredging and reclamation 
projects must be studied. The generic term, dredging, is includes a wide range of different 
activities, which are traditionally divided into four groups, as shown in table 2.1. But the 
most important type for this work is the mining dredging project which is the type that will be 
focusing on  
Table ‎2.1: Types of dredging projects (Bray, 2008) 
Project  Examples  
Capital 
dredging 
Such as deepen the navigation channels and harbour basin. It is also involved in 
large infrastructure projects, such as bridges and tunnels, beach nourishment. 
Mining 
dredging 
Extraction of mineral resources from sea or river bed, or extraction of 
construction material such as sand, gravel and coral mining. 
Maintenance 
dredging 
This type is handling with the contaminated area such as the removal of siltation 
from channel beds in order to maintain the design depth of channels, or removing 
contaminated material from the dredging location. 
The dredging equipment has many types and shaped. Every type of this dredger has many 
shaped that are different in size, character and uses. So before select the dredging equipment 
and used method, we must study the following factors, which spot the light on the active type 
of dredging equipment needed for this job: 
1. Physical characteristics of the material. 
2. Quantities of material to be dredged. 
3. Dredging depth. 
4. Distance to disposal area. 
5. Physical environment between the dredging and disposal areas. 
6. Contamination level of sediments. 
7. Method of disposal  




2.2 Type of dredging equipment  
There are many types of equipment used in dredging that can be classified into two main 
groups depending on the method used to loading the material from the seabed to the water 
surface and the type of the excavating machines in the dredging plant (Yell and Riddell, 
1995).  The two categories are mechanically and hydraulically which are subdivided into 
different types of dredgers shown in figure 2.1 which are classified the dredgers from a 
different point of view.  
 
Figure ‎2.1: Classification of types of dredging equipment 
2.2.1 Mechanical dredging 
Mechanical dredging is consists of excavating equipment connected to the floating plant. 
This equipment’s are similar to the land-based excavating machines such as ladder, dipper or 
bucket. Different types of mechanical dredgers uses in different projects, which can be 
classified into two category: dipper dredgers and grab dredgers (Herbich, 2000). 
 Backhoe dredger  
The main features of the backhoe dredger and the dredging action are illustrated in figure 2.2. 
The dredging action can be likened to the human hand and arm. The bucket is located at the 
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end of the arm. Between the bucket and the machine there are three points of rotation. The 
movement of each section is controlled by high-pressure hydraulic cylinders. The boom and 
the arm could be opened to provide the required depth for dredging applications. "In order to 
begin dredging, the bucket is lowered to present its open face, or in hard ground, it’s digging 
teeth, to the seabed. The bucket is then rotated, or 'crowded' and lowered, simultaneously, to 
achieve penetration and loading" (Bray, 1996, p 214). 
 
Figure ‎2.2: Main features and dredging action of backhoe dredger (Bray et al. 1997). 
The development occurs on backhoe dredger  
Special buckets: Raising dredged material in an open bucket is a major source of turbidity 
and suspended sediments therefore; the closed bucket has been developed. Thus, direct 
contact between the soils and the surrounding water is reduced and the suspended materials 
will be decreased, see figure 2.3. This development opens up new possibilities for the 
removal of sediments (Bray, 2008). 
 














Bucket (various sizes) 
Backhoo 
buchet 




Monitoring control systems (MCS): This is the most important automatic control system to 
improve the accuracy of mechanical dredging equipment which is a monitoring the digging 
action of the bucket from the seafloor. The systems of the BLD have been developed to 
control the movement of the dredging pontoon along the movement curve, see figure 2.4. 
This program allows the dredge master to improve the accuracy of the cutting but it still 
needs many feature development to simulate and measure the environmental impact, which 
happen during the dredging work (Bray, 2008).  
 
Figure ‎2.4: Computer screen of backhoe monitoring system (Bray, 2008). 
Dipper dredger  
The basic feature of the rope-operated machine is shown in figure 2.5. The dipper type of 
dredge is not self-propelled but can move itself during the dredging process by using spuds 
and the dipper arm (IADC, 1998). When the material around the bucket is removed, the 
dredge is moved forward by lifting the forward spuds. The loaded barges are towed to the 
disposal area and unloaded by mechanical or hydraulic equipment. These processes are 
repeated until the dredging operation is completed. Forward movement is normally achieved 
by using stern spud and the dipper arm is used to guide the dredger during forward movement 
(Bray, 1996).  
Bed leveller 
When used to move material which cannot be accessed, the tug carrying the bed leveller into 
the area to be dredged and place the blade into the seafloor to start biting into the sea bed, see 
figure 2.6. The tug is then moved forward into the area where the material is to be deposited. 
When reaching to the required depth the dredged material will be fall from the scraper box 
then another cycle begins (Bray, 1996). This type used for the material close to quays or 




restricted corners which can be moved inexpensively without use any other huge dredging 
equipment. Also used for levelling seafloor if the required task is to remove high spots. So 
that the bed leveller moves the material above the required level in other areas which are 
below the level (Bray et al., 1997). 
 
Figure ‎2.5: Main features of dipper dredger (IADC, 1998). 
 
Figure ‎2.6: Main features of bed leveler (Bray et al. 1997). 
 Bucket ladder dredger 
The basic feature of bucket ladder dredger is shown in figure 2.7. The bucket chain is 
supported with the large floating vessel which digging the material from seafloor and rising it 
into the surface for further transportation. There are different designs In terms of the older 
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and newer models but the ladder in all of them is equipped in the centreline of the pontoon 
(Bray , 1996: Volker et al., 2006). The movement of the dredger is by means of many 
winches. The most effective one is the head winch, which is the responsible on the digging 
force and is used to advance the dredger. The other winches are used to continue dredging on 
the face. Also there is another one used for balancing tidal forces or differences in the digging 
reaction (Bray et al., 1997). 
 
Figure ‎2.7: Bucket dredger and the bucket chain lower end (Bray et al., 1997). 
The development occurs on the bucket ladder dredger  
Encapsulated bucket line: The excavating and raising the material by using the open buckets 
in case of bucket ladder dredger is the main reason for increasing the environmental impacts. 
Also the contact between this open bucket and the surrounding water generate the turbulence 























development occurs in this type which calls the encapsulated bucket line, see figure 2.8. In 
this type, the bucket line is raised the material without any concern on spillage occur, because 
it will be deposited down to seabed which reduces the turbidity created by BLD during the 
raising of the material. This type used for environmentally sensitive projects with maintaining 
the high accuracy. (Bray, 2008). 
 
Figure ‎2.8: Encapsulated bucket line (Bray, 2008). 
A new design of isolating the dredging area: The new proposal, presented an innovation to 
avoid or reduced one of the most important problem, which is turbidity and suspended 
material. The new design is aiming to isolate the excavation location and the ladder tool of 
dredger from the surrounding marine area. This design can be applied for more than one type 
of dredgers such as BLD, SD and CSD. The main idea isolate the dredging area by using a 
special type of curtains which installed around the outside edges of the vessel see chapter 6 
figure 6.2.  This frame can be controlled by the hydraulic arms. Therefore, this frame opens 
to reach the seabed and isolate this area. After starting the cutting by using a bucket chain or 
cutter head with suction, the turbidity will be restricted in this closed area.  
Grab pontoon dredger 
The main feature of grab pontoon dredger is shown in figure 2.9. It is moored on some 
anchors with the centreline of the dredger, also with the grab crane near to the working face. 
All material in the working area is removed down to the required level and loaded into 
transporting vessels. When the excavation is finished in this point, the pontoon is advanced 
towards the face by using winches and spuds. This procedure continues until a barge is fully 
loaded, and then starts to load the other barge on the other side without any interruption to the 




dredging operation and neglecting the delay time which occur when the barges are changed 
(Bray et al., 1997). 
 
Figure ‎2.9: Grab dredger and the various types of grab buckets (IADC, 1998). 
The development occurs on grab dredger  
Environmental Grab: The environmental grab bucket is used for decreasing the density of 
the excavated material. Also it is less type in case of other environmental impacts compared 
with the other systems, see figure 2.10. It is suitable for removing the material from the 
restricted area which is difficult to reach. The opening and closing of the bucket nay be done 
hydraulically or mechanically. When the bucket is closed all openings are closed to minimize 
the spilling of the excavated materials. The type could be applied on both of grab dredger and 
backhoe dredger (Bray, 2008; Patzold et al., 2008). 
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2.2.2 Hydraulic dredging 
The main purpose of hydraulic dredgers is loosening and raising the material through a pipe 
system connected to a centrifugal pump. Various means can be employed to achieve the 
initial loosening of the material by using water jets or cutter head depending on the type of 
soils (Turner, 1996). Hydraulic dredging is more efficient when working with fine materials, 
because they can easily be held in suspension. But it can be worked in coarser materials and 
cohesive material (Herbich, 2000; McLellan et al., 2000).  
Water injection dredger  
When the dredger started a fixed array of water jet nozzles is directed into the seafloor to 
penetrate the soil. With high pressure and flow rate the material will be fluidised. Then the 
vessel moves slowly which drives the material into another place with high distance and high 
rates depending on the seabed slopes away from the working area (Bray, 1996). 
 
Figure ‎2.11: A water injection dredging system (IADC, 1998). 
Plan suction dredger  
The main feature of the suction dredger is depending on the suction pipes which guide to the 
seabed and suck the material into the pipeline transport system or transporting vessels which 
moor alongside as showing in figure 2.12. This is very important to increasing the overall 
productivity in case a large distance between the dredging site and disposal area. As 
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digging the soil to be easily dredged. This principle also used for unwanted upper layer such 
as clay (Thomas, 1991 ). Also this method could be used for dredging the material from depth 
reach to 60 m (Turner, 1996). 
 
Figure ‎2.12: The stationary suction hopper dredger (IADC, 1998) 
The development occur on suction dredger  
Dredging information systems (DIS): Automatic control of the different process parameters 
results in an optimized performance, while reducing fuel consumption and wear. Data 
presentation and control of all functions within an optimum environmentally friendly 
operator are important objectives needed in future development. This is the latest 
improvement in the monitoring the dredging activities using a continuous data logging 
system which called dredging information system, see figure 2.13. This program will record a 
large number of variables such as dredging depth, position, concentration, pressure, 
consumption, and so on but it still need more future development to measurement the most 
important environmental impacts such as turbidity and gases emissions (Bray, 2008; Kramers 
et al., 1999; Vercruijsse, 2007).  
Sweep Dredger: The sweep drag head is possible to operate in two opposite swing directions 
which illustrated in figure 2.14.  Moreover, the cutting edge, digging the soil layer and the 
upper edge adjusts to the bottom level in order to decrease the amount of water in the 
mixture. The speed is controlled according to the production rate.  Also the dredger equipped 
with degassing system to minimize the cavitations in the suction pump, even with high gas 
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content in the soil. The height of cutting could be changed in order to excavate a different 
thickness (Bray, 2008).  
 
Figure ‎2.13: Computer screen showing the DIS system (Bray, 2008). 
 
Figure ‎2.14: The head of sweep dredger (Bray, 2008). 
Cutter suction dredger  
The cutter suction dredger is usually large ship and self-propelled as showing in figure 2.15.  
It used for excavate the cohesive soil or rock formation by using the cutting head for 
dislodged the seafloor ground in order to easily suck. The cutter head has many edged or 
toothed depending on the characteristics of deposit. The centrifugal pump is close to the 
suction mouth and the cutter head is connected to the ladder which contains the suction pipe. 
The motor of the cutter head equipped near the cutter or equipped at the end of the ladder 
(Herbich, 2000; Tomas, 1996). The ladder is supported with the ship by heavy hinges which 
allow the ladder for further rotation by using hoisting winch (McLellan et al., 2000).  





Figure ‎2.15: Main features of cutter suction dredger (Bray et al., 1997). 
The development occurs on cutter suction dredger  
Cutter head development: The most important problem is clogging of the cutter in some 
plastic clay types, which can be solved by obtaining a quite regular bottom profile due to its 
tolerances. Over the years, maximum installed cutting power increased, allowing harder 
material to be dredged. Evidently the increasing of the cutting power will affect the design 
and construction of the dredging installation and the complete dredge, see figure 2.16. Special 
designs for cutter heads have been developed, not only for rock cutting with teeth and chisels, 
but also for regular dredging tasks, for operation in clay (Bray, 2008; Muijen and Wit, 2007). 
 
Figure ‎2.16: Types of cutter heads (Herbich, 1992). 
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Dredging wheel development: A similar type of dredge is the wheel suction dredge only 
using a dredging wheel instead of a cutter head. The dredging wheel consists of two rings 
connected to each other with bottomless buckets. In this way a tunnel is formed that rotates 
around a fixed scraper lip that extends into the suction pipe. In the cohesive material, possibly 
clogging the suction pipe will be happening, because the big size of cutting material is forced 
into the suction pump direction. Actually, the wheel dredger was developed for clay dredging 
(McLellan and Hopman, 2000; Patzold et al., 2008). However, it also proved itself as a very 
efficient and selective cutting tool with a more regular production rate, see figure 2.17. 
 
Figure ‎2.17: The bucket wheel dredger (Patzold et al., 2008). 
Environmental Disc Bottom Cutter: It is a cutter dredger equipped with a cylindrical cutter 
head with a flat bottom and the suction mouth occurs inside the cutter disc which illustrated 
in figure 2.18. "A degassing system is installed on board the dredger to avoid cavitations 
problems and to improve the density of the mixture during the pipeline discharge process. As 
such, this equipment has passed the experimental stage, although continuous upgrading takes 
place based on project experience" (Bray, 2008, p163).  
The environmental Auger Dredgers: This type is a normal dredger with a special cutter head 
which developed to cut the deposit within a few cm up to 1 m, see figure 2.19. The carved 
shields derive the material into the center pump equipped near the suction mouth which sucks 
the material through the pipeline (Herbich, 2000). The suction force and auger cutter head 
decrease the dispersion of the material into the surrounding water. "This system is avoiding 
cavitations problems and to improve the mixture density during the pipeline discharge 
process" (Bray, 2008, p 168). 






Figure ‎2.18: Environmental Disc Bottom Cutter dredger (Bray, 2008). 
 
Figure ‎2.19: The environmental Auger Dredger (Bray, 2008).     
Trailing suction hopper dredger  
The main feature of trailing suction dredger is illustrated in figure 2.20. It is self-contained 
and can start work when arrive at the project area. The dredged material is loaded by one or 
more centrifugal pumps. The suction pipe is stowed inboard when the ship is sailing (Bray, 
1996; Kramers et al., 1998). 
The development occurs on trailing suction dredger  
Draghead development: Modern conventional draghead are equipped with high-pressure 
water jets and cutting knives or cutting teeth in a movable visor. This proves to be sufficient 
for normal soils. In very compacted and fine sand the penetration of the knives or teeth can, 




even with the conventional supply of jet water, be insufficient, which results into insufficient 
production see figure 2.21. In this design jet, water is added through the teeth (Muijen and 
Wit, 2007).  
 
Figure ‎2.20: Main features of trailing suction hopper dredgers (IADC, 1998). 
 
Figure ‎2.21: The draghead and the turtle-deflecting device (Muijen et al., 2007). 
Environmentally improved Green TSHD: The most important problem occur is the turbidity 
and suspended sediments generated by the overflow water with a high content of fine, see 
figure 2.22. Therefore to solve this problem, the dredging action must be stopped after filling 
the hopper or using a valve system which connected to the distributors to control on the 














overflow water (Vercruijsse, 2007; McLellan and Hopman, 2000). In response to this 
problem also there are many precautions must be taken into account as following: 
 The closing of trailers on the ship helping the lower exit point to rapid settlement and 
reduce the turbidity; 
 This green valve reduces the amount of turbidity from the dredging process and it is 
connected with overflow to prevent the entry air with the mixture; 
 Using a special guidance along the suction pipe to control overflow water which 
directs the water to the seabed and reduces the turbidity; 
 The overflow water could be recirculation by the jets that are installed in the drag 
head which reduces the excess water during the dredging cycle, and the use of 
submerged pumps allows for high density materials to be dredged.   
 
Figure ‎2.22: Environmental Green TSHD (Muijen and Wit, 2007). 
2.3 Type of environmental aspects of dredging 
The dredging projects have different environmental impacts which can be summarized and 
categorized according to the nature of the activity (excavation, transport and dumping). They 
can be further divided into effects which are short-term which disappear after finishing the 
work and long-term which are permanent. The environmental impacts are divided into three 
main groups, see table 2.2.  
2.3.1 Physical-chemical impacts 
Dredging projects lead to change the physical and chemical composition in the development 
area, which can be divided into many environmental effects that will be defined as following:  




Table ‎2.2: Type of environmental aspects of dredging (Bray, 2008).  
Group names Examples of effects 
Physical-chemical 
impacts 
Turbidity and suspended sediment – Noise - Pollution - Waves and current 
- Chemical disturbance - Heavy metals and organic - Coastal erosion. 
Biological-
ecological impacts 
Sea grasses and vegetation damaging - Marine life and Fauna - Corals  
Socio-Economic   
impacts 
Damaging sea floor - Marine traffic  -  Fishing - Air quality and Light  
Turbidity and suspended sediment: Turbidity is the optical properties which can make the 
water appear cloudy or muddy. The awareness about turbidity is increased to monitor its 
impacts. Therefore, turbidity effect is the general predictors used to assess the impact of 
dredging (Lewis et al., 2001). There are many measurements used to assess the dredging 
impact by measuring the turbidity and comparing the states before and after the dredging 
operation (Spencer et al., 2006b). 
Noise: The monitoring and estimating the noise levels generated by the dredger is very 
important to compare with the allowable values by the local authorities. The noise level are 
varies depending on location such as in a quiet area at night would be about 35 dB, but in a 
large store would be about 60 dB and in workshop would be about 85 dB (Herbich, 2000). 
Pollution: In underwater mining this type of effect is not important because there is no 
pollution happening when the dredger extracts sand or gravel from the sea bed to the land 
side, but there are changes in physical and chemical properties of sea floor. In another type of 
dredging may be occurring. 
Waves, current: The effect of current and wave conditions are shown in figure 2.23. The 
current velocity in the dredged area is inversely proportional to the cross-section which 
increased the flow capacity of the dredged area. Also increasing the distance from the surface 
reduces the wave impact in addition to the increased water depth arises faster propagation of 
the larger waves (Bray, 2008). 
Chemical disturbance and heavy metals: The chemical disturbance which released into the 
water column is the most important ecological impact generated from dredging projects 
especially in industrially contaminated areas (Baudo et al., 1999). Therefore it must be 
carefully examined to see if they are high or toxic to the marine life and human. The effect of 




the heavy metal compounds which are not degradable on the ecosystem will be clearly appear 
after several years and must be taken into account (Van den Berg et al., 2001). Also nutrients 
in the sediment are the greatest concern because it can be the main source of eutrophication 
and influence water quality (Azcue et al., 1998; Palermo et al., 2002, 1998). 
 
Figure ‎2.23: The effect of current and wave on the velocity V and flow Q in a channel (Bray, 2008). 
Coastal erosion: The coastal erosion resulting from deepening the area which near to the 
coast especially in case of maintenance dredging. A long-term marine mining activity also 
has different impacts on the coastline (Bray, 1996). 
2.3.2 Biological-ecological effects 
The marine ecosystems are very complicated to define which based on the physical nature of 
the area and the most important bio-ecological impacts are illustrated in the follows: 
Sea grasses and vegetation damaging: The potential impacts on sea grasses from dredging 
projects and sand mining are physical removal, vegetation burial, turbidity and sedimentation. 
Sea grasses are covering about 0.1–0.2% of the global coastal zone (Duarte, 2002). The 
economic functions of sea grass are very important to fisheries, preventing coastal erosion 
and siltation of coral reefs (Jackson et al., 2001; Erftemeijer et al., 2006). 
Marine life and Fauna: The impacts of dredging projects on the benthic fauna have been 
widely reviewed. The dredging activity may lead to a change the ratio of gravel and sand in 
the seabed, also change the sediment composition and increase the deposition of the fine sand 
in the dredging site (Newell et al., 1998). Most studies have documented impacts on the 
benthic fauna in the dredged sites (Dickson and Rees, 1998; Hitchcock et al., 2002; Newell et 
al., 1998). As an example, all possible biological-ecological effects of a dredging operation 
can be illustrated in figure 2.24. 
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Figure ‎2.24: Biological-ecological impacts caused, by backhoe dredging (Bray, 2008). 
2.3.3 Socio-economic effects 
The socio-economic effects of mining dredging could be positive or negative depending on 
the town and the port, also depending on the traffic and commerce. On the other hand, 
dredging projects are may have a positive effect on fishery in the area, but may also have a 
negative effect on local farms (Bray, 2008). 
Damaging sea floor: The damage occurs on the seafloor by using different draghead which 
causes negative effects which should be studied to minimize this effect by determining  the 
best dredging time and the dredger used (Sanchez-Moyano et al., 2004). 
Marine traffic and Transportation: Dredging activity and transport of the extracted material 
are the main reason of increasing the marine traffic which may disruptive traffic system. It is 
necessary to follow-up the marine traffic, local maritime authority and estimate all conflicts 
could be exists and find the solutions. All transporting plans can be made to avoid the other 
commercial traffic but the problems may increase in the tourist area (Bray, 1996).  
Fishing: Due to dredging activities could be disrupting fishing by destroying the spawning 
area. All marine life are affected which reduced the rates of growth and reproduction. Both 
activities, fishing and dredging industries, are important and almost the conflict between them 
must be happen when there is a necessity to extract material from the seabed. Therefore to 
investigate these areas, the marine life throughout the year must be studied (Bray, 1996). 
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.Air quality and light: The dredging activities have an adverse impact on the air quality 
especially if the project located in a populated area. Air quality depends on the total 
suspended particulates (TSP), respirable suspended particulates (RSP), sulfur dioxide and 
nitrogen dioxide. On the other hand light and large lamps of dredging in the night may be 
negative effect in case of project which near the human society (Bray, 1996).  
2.4 Phases of the dredging process and influence to the environment   
Dredging cycle characteristics change significantly from project to another. However, you 
can select different stages of dredging operation regardless of the type of equipment used to 
implement (Bray, 2008). 
Dislodging of the in-situ material  
The excavation process proposed to be stress-free in soft sediments. But in case of hard rock 
it’s considered to be very difficult. Dislodging of the material has done by the cutter head or 
the bucket or water jets in case of hydraulic dredgers. The most environmental effects 
occurring in the process is Turbidity; owing to suspension of the fine-grained which will not 
settle rapidly and thus increases the suspended sediments in dredging area for a long time. 
The other effects are the mixing layers especially in the cutter types because the cutting 
thickness cannot be controlled due to the mixing of different layers, and dilution. The latter is 
different from dredger to another depending on transporting methods (Bray, 2008). 
 Raising the material  
The material is raised into the water surface by bucket in mechanical dredgers or by suction 
pipe in hydraulic dredgers. The main environmental risk in this case is turbidity; the 
mechanically raising of the material with the open bucket increases the suspended sediment 
and turbidity levels. The second effect is loose layers; which happen in hydraulic transport 
near to the suction mouth when the suction capacity is lower than the cutting capacity. The 
third is the density of mixture; when the pumping capacity is too high, the density becomes 
low which causes problems in the disposal area. Then the loading overflow which increases 
the suspended sediments and turbidity in the dredging location (Bray, 2008). 
Transport of the material 
The transport of material can be achieved by pipeline, hopper or vessels which are linked to a 
certain type of dredger. The environmental impact in this case is safety; there is no concern in 
mining projects due to the direct contact between the crew and dredged material. The other 




effects are dilution; by using pipeline transport related to increasing the density and air 
pollution. The latter is increasing in the case of barge transport (Bray, 1996; Herbich, 2000). 
Placement of the material  
It is the dumping of the material into disposal area or into the treatment unit. There are 
different impacts related to this case such as occupation area, noise and groundwater quality 
(Bray, 1996). 
2.5 Judgment the environmental effects of dredging operation  
There are many criteria could be used for assessing the environmental impacts of the 
dredging projects some of them are illustrated in the following: 
Safety of people:  Which is the primary concern any projects.  
Accuracy: It is the most important in order to increase the productivity without any traces.  
Turbidity: This is affecting on marine life water quality. 
Mixing layers: It is very important in case of treatment or reuse can become complicated. 
Spill layers: Destruction of the upper soil layers present risks near to sensitive areas. 
Dilution: Arises problems at the dumping area and increases the costs of treatment. 
Noise generation: It has a negative effect especially in populated areas.  
Output rate: It is depending on the operators and has a direct effect on the operational costs. 
2.6 Characterization of different type of dredging equipment 
Table 2.3 shows a classification of different types of dredgers, the most important 
characteristic with limiting conditions, and some environmental effect that happens when the 
dredging operation started. Also could be contemplate as a final conclusion of this chapter 
and could help in the choice of the dredger type and improve the dredging technologies to 
decrease the environmental impacts. 
2.7  Comparison‎of‎dredgers’‎environmental‎performance 
Table 2.4 shows the comparison of the environmental performance of all types of dredgers 
which are described above. This is general and should not be used for the direct selection of 
equipment. 
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This empirical approach is suitable the first or an initial estimation of the environmental 
performances of dredging equipment’s. This result is the motive for thinking in the study and 
application of various other evaluation methods, which are based on a scientific basis and 
depending on different factors to evaluate such as environmental, economical, and social 
aspects. The next chapter will deal with two different evaluation methods to assess the 
different types of underwater mining equipment’s. 
Table ‎2.4: The first estimation of environmental effects of dredging types (Bray, 2008). 






Bucket Ladder       
dredger 
- + -/= =/+ + + - 
Backhoe     
dredger 
- + -/= + + + + 
Grab           
dredger 
- - -/= = + + + 
Bed leveler   
dredger 
+ - - - - - + 
Water injection 
dredger 
+ + -/+ - - - +/- 
Suction hopper 
dredger 
+ - + - - = + 
Cutter suction  
dredger 




+/= - -/= - = - + 
(+) better than average; (-) less than average; (=) about average 
   




3 Methodology and Techniques 
3.1 Introduction 
Underwater mining projects which closed to the commercial, tourist and residential areas 
having several environmental problems. Therefore, the environmental and its relevant 
processes are important to address. In addition the people become more sensitive to the 
negative environmental impacts resulted from dredging operations. Eventually, this objection 
on the dredging techniques has led to think in the environmental-friendly production 
methods. 
The use of dredger is the best choice for the underwater mining projects. Therefore the true 
benefits of these techniques and the relation between possible improvements to reduce the 
environmental impacts, technological potential and the overall costs must be studied. This 
work intended to assess the underwater mining techniques of their environmental impact and 
the costs. There are many systematic approaches using to evaluation and determination of the 
environmental impacts of the underwater mining techniques. 
This chapter gives a detail description of methodology which led to evaluate the difference 
types of dredgers with taking into account many aspects, which deal with the characteristic, 
environmental, economic and social aspects. There are two different methods of evaluation, 
using mathematical statistical analyses and mathematical accounting. These methods are 
described below are the main methodologies of this work:   
 Evaluation of dredging technique by using the modern mathematics Fuzzy method. 
 The accounting method of environmental-friendly dredging techniques. 
3.2  The statistical Fuzzy method  
The assessment of the environmentally-friendly dredging process will be focus on the two 
main aspects, the first is using all factors affecting on the dredging process and the second is 
how to compare between all types of dredgers. These effects used to determine the suitable 
equipment for a certain project taking the characteristic, environmental, economic and social 
aspect into account to get the maximum output and good efficiency. Therefore, to achieve the 
degree of true aims and assess the dredging process you need some scientific criteria and 
sophisticated representation to present these goals (Yaon et al., 2005).  




This assessment of dredging process is largely depending on many aspects, which are 
performance of equipment, criteria of environmental, economic and social impacts. Keeping 
in view all these criteria, therefore we can develop a new technique which is supposed to be 
an environmentally friendly and also economical mining technique. 
Aim of the assessment 
The aims of this assessment are: 
 To evaluate all types of dredging equipments that helping on the main strategy of the 
project. 
 To give the decision makers all the information about all equipments and how can be 
choosing the most suitable type of dredger for each project. 
  The method of evaluation can be used for all types of projects, which achieve to get 
what can be described as environmentally-friendly process. 
 This evaluation depending on a numbers of factors which are follows: 
a) Evaluate the characteristic and performance of dredgers equipment. 
b) Evaluate the environmental impacts and focused on the most important 
environmental effects which caused by dredgers action. 
c) Evaluate the economic aspects and focused on the overall costs, the material 
losses and related equipment, which used in transporting. 
d) Evaluate the social aspects which are related to the employers and the benefits of 
the project to the surrounding population area.    
Establishment of the evaluation index system 
The evaluation of environmentally-friendly equipments is the overall goal (U). The criterion 
level quality is affected by many factors, therefore it should be represented in the evaluation 
system which illustrated as follows:  
 U1 characteristic of dredgers, which can be subdivided into U11, U12, U13 …) 
 U2 environmental effect, which can be subdivided into U21, U22, U23 …) 
 U3 economic aspects which can be subdivided into U31, U32, U33 …)  
 U4 social aspects which can be subdivided into U41, U42, U43 …)  




The relationship between the overall goal and this aspect with all indicators can be clarified 
by the formula3.1 and figure 3.1 (Zhang, 2010; Yaon et al., 2005). 
𝑈 = 𝑓 𝑈1 ,𝑈2 , 𝑈3 ,𝑈4                                                                              … .3.1 
 
Figure ‎3.1: The indicator system for evaluation of dredging equipments 
Interpretation of evaluation indicators 
U11 Dredging depth: It is very important for choosing the suitable dredger for a certain 
project. The dredger has a working depth which is easy to know from the dredger’s catalog 
made by the dredgers companies. 
U12 Type of soils: Every type of dredger can work at a certain type of soil, so that this 
indicator must be studies in this evaluation. The type of soils can be classified into main four 
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parts (soft, stiff, very stiff and hard soil) and it depends on compressive strength (σ) of the 
soils, which illustrated in table 3.1.    
Table ‎3.1: Rocks classified by strength (J. Paul Guyer, 2010) 
Class of soils Compressive‎strength‎(σ) Examples 
V. Soft and Soft ≤  50 KPa Organic Clay, Organic Silt, Muddy 
Firm-Stiff 50 - 200 KPa Clay and Silt 
V. Stiff 200 - 400 KPa Fine to Coarse Sand 
Hard Soil 400 – 1000 KPa Fine and Coarse Gravel 
U13 Output rate: This indicator is very important to calculate the all cost and time of the 
project, which help us to decrease the project time especially in sensitive areas. It is easy to 
know the output rate for each type from the dredger’s catalog. 
U14 Consumption power: This indicator helps, when choosing the type of dredger and it 
means the operating power for each type of dredgers, which can be determined from the cost 
standards for dredging equipment (Bray, 2009).  
U21 Turbidity and suspended sediment: Suspended sediment or turbidity concentrations can 
be measured by mg/l and it ranged from less than 100 mg/l to more than several thousand 
mg/1 near the base of the water column. The turbidity caused by dredgers is shown in the 
table 3.2 (Havis, 1988;  Pennekamp, 1996). 
Table ‎3.2: Summary of turbidity generated by dredgers types taken from (Hayes, 1984) 
Type of 
dredgers 
TSHD CSD BWD SD WID BH GD BLD DD 
Turbidity 
mg/l 
50-150 150-250 300-450 30-100 100-250 400-530 500-750 700-1000 600-900 
U22 Noise: The basic unit of sound is the sound pressure level (decibels or dB) which 
calculated as follows (Herbich, 2000; Beaman and Jones, 1977 ):  
LP = 20 log10  
P
Po
                                                                              … 3.2 
Where   Lp : The sound pressure level in dB 
             P: Sound pressure in N. m
-2
 









U23 Emissions of (CO2): It is important to study the air quality and could be calculated from 
the Global Emissions Model of Integrated System database (GEMIS), which includes the 
energy and the material input. This system provides a database for diesel, power supply, and 
the production of metal and plastic, which will be used in the extraction system (Schmieder 
and Drebenstedt, 2003). 
U24 Emissions of (SO2):  It is also important for air quality and it is calculated from GEMIS 
as the same way of calculation of CO2 (see appendix A) 
U25 Cumulative energy input: Using GEMIS to get the result of it. 
U26 Accuracy of the excavated profile: It is the excavation accurately as possible in order to 
minimize the volume of unwanted dredged material for further transport. It depends on the 
automation control and different type of dredgers, which have difference accuracy.  
U31 Cost / Week: The weekly cost of all dredgers must be known by using the cost standards 
for dredging equipment to get the results (Bray, 2009). 
U32 Maintenance and repair cost: All repair and maintenance cost must be calculated from a 
the cost standards for dredging equipment to get the results (Bray, 2009). 
U33 Auxiliary equipment:  This is the equipments which is needed for different dredgers to 
helping, handling and transporting the dredger material. 
U34 The final earnings: The high earnings equal or more than 150% from the capital cost and 
the fewer earnings less than 150% from the capital cost. 
U41 Safety of the crew: It is the primary concern during the project especially where 
contaminated material are dredged. The information about this indicator comes from the 
dredging companies, see chapter two table 2.3.   
U42 Number of workers: The number of crows whose deal with all operation on the dredgers, 
and it can know from the dredging companies and dredging catalogs. 
U43 Education of employment: This indicator means the number of educated workers needed 
for every type of dredgers, in other hand this indicator can be taking as a percentage of 
educated employers needed for dredgers.    
U44 Marine traffic: The increasing of the marine traffic due to dredging activities especially 
in case of residential area. Therefore the traffic system of the dredging area must be studied 
to deal with the conflicts that may occur between the traffic system and the movement of 




transporting vessels. This indicator is depending on the type of dredger, the way of transport 
and the area of extraction (Herbich, 2000). The marine traffic will be ranking as a percentage 
number.  
Assessment model and selection of the evaluation procedures  
To evaluate a complex system must be choose the appropriate assessment procedures and 
establish the valuation model. The evaluation procedures of this method are generally, simple 
and easy, but it can show sometimes not true result, if some system factors have no clear 
meaning and it depending on the true indicators and the value of input. The concept of 
evaluation of dredging equipments is very difficult to take place by using the general 
mathematics. The Fuzzy method is a statistical model to solve the mathematical problems 
which are content of two methods. The first method is Analyses Hierarchical Process (AHP). 
The second method is Principal Component Analyses (PCA) (Sun, 2011; Zhong, et.al. 2007; 
Wang, 2001). 
Establishment of the hierarchical structure and assessment amounts of Fuzzy concept    
The criteria of the evaluation indicators are determined according to the expert data of 
dredgers, see table 3.3. There are many equations to describe the two methods AHP and PCA 
which is discussed and solved in this evaluation method and illustrated in the appendix (B).    
3.3 Determine the environmentally-friendly underwater mining technique  
The underwater mining equipments or dredgers are completely different from the surface 
mining technique. Dredging techniques are depending on the types of dredgers, i.e., they 
contain the extraction system such as "cutting, digging or suction" to exploit a deposit. Also 
contain the other mining operation such as "loading, hauling and dumping". In general, the 
underwater mining operations are depending on the position of the dredging project in case of 
river or coastal or deep sea mining.  
Also the environmental impacts of underwater mining techniques are depending on the 
dredging types, overall costs and the social effects (Wehrsig and Drebenstedt, 2002). The 
environmentally-friendly dredging techniques means:  
A) Avoiding or minimizing all the following effects: 
- Emissions of gases ( air quality);  
- Noise and light; 




- Water quality, turbidity and suspended material;  
- Damaging sea floor; 
- Effect on marine life. 
Table ‎3.3: The classification rating of the evaluation indicators for types of aspects. 
1- Indicator of Characteristic of      
dredging  equipment 
Rating Classifications 
High Relatively high Medium Low 
U11 Dredging depth in  (m)  > 40 25-40 15-25 < 15 
U12 Types of soils  (σ Kpa)  > 400 200-400 50-200 < 50 
U13 Output rate (1000 m3/hr )  > 2 2-5 0,7-2 < 0,7 
U14 Consumption power (1000kW) > 7 4-7 2-4 < 2 
2- Indicator of Environmental effect  
U21 Turbidity ( mg/l)  > 750 300-700 150-300 < 150 
U22 Noise (dB)  > 110 80-110 50-80 < 50 
U23 Emissions of  SO2 (kg/h) > 20 12 6 < 2 
U24 Emissions of  CO2 (1000 kg/h) > 10 6 4 < 2 
U25 Cumulative energy input  (1000 kWh) > 30 20 10 < 5 
U26 Accuracy (cm) > 75 40-75 10-40 < 10 
3- Indicators Economic aspects  
U31 Costs / week ( 1000 €) > 100 70 50 < 20 
U32 Maintain &  repair cost/week (1000 €) > 50 30-50 15-30 < 15 
U33 Auxiliary equipment (No) > 4 3 2 < 1 
U34 Final earnings (%) > 90 60-90 30-60 < 30 
4- Indicators of Social aspects  
U41 Safety of the crow (%) > 90 80-90 60-80 < 60 
U42 Number of workers   (No) > 40 30 20 < 10 
U43 Education of employment (%) > 70 50-70 20-50 < 20 
U44 Marine traffic (%) > 50 30-50 15-30 < 15 
B) Reducing the following items: 
- The consumption of  fuel, power and lubricants, 
- The wear and tear; 
- The use of land for dumping; 
- The losses. 




The output of the dredging project has to be assessed with taking into account all the 
following items: 
- Soil type, soil formation and properties; 
- The output for each dredger must be estimated; 
- All influence of the loosening, breaking and cutting of soil; 
- The equipment, the crow and dally costs; 
- The use of the material and the quality requirements; 
- The environmental impacts. 
The investigation will include the dredging technique in both of the extraction system which 
is depending on the dredgers types and the transporting types. The input and the output of any 
production system or any project must be studied with commercial assessment if possible. 
Figure 3.2 shows the input and output analysis in the suggested dredging system (Schmieder 
and Drebenstedt, 2003). 
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Figure 3.3 shows the plan of selecting an environmentally-friendly dredging technique. The 
output rate of the dredgers, the soil characteristics and the loosening techniques must be 
established. Also the uses of the raw material and the environmental impact must be 
estimated. the calculation of the output capacity for any dredger could be done by using the 
basic equations for each type of from manufacturers catalogs. 
 
Figure ‎3.3: Flow diagram for selecting environmentally-friendly mine dredging techniques 
(Schmieder and Drebenstedt, 2003). 
Many tests were done in addition to the practical experience to estimate the production 
capacity of any dredger therefore this methodology can be applied. Table 3.4 shows the 
dredging system to be analyzed and the sequence of the loosening, loading and transporting 
of the extraction deposit from seafloor. All reasonable options will be examined taking 
commercial and social impacts into account. This will include both types of cost analysis. 
The first one is the static costs such as the capital and operating costs. The second one is 
dynamic costs which used for minimizing the environmental and social impacts.  
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Table ‎3.4: Dredging operation system used for extraction deposit from sea floor. 
Dredgers type Loosening Loading Transporting 
Backhoe       
 
Single bucket with 
digging teeth 
Jointed arm which connected 
between the bucket and the 
machine 
Scow – barges – vessel 
Dipper             
 
Single big bucket with 
strong  digging teeth 
Dipper arm which connected 
with rope operated machine 
Scow – barges – vessel 
Bucket ladder    The heavy bucket chain 
The bucket chain which 
supported by a fabricated steel 
ladder and driven 
Pontoon – barges – belt 
conveyor 
Grab pontoon      The grab bucket By winches 
Pontoon – barges – belt 
conveyor 
Injection       
Injection water jet 
nozzles 
fluidized material with low 
density loaded by Ladder 
Pipe line and belt conveyor 
Plan suction        
Suction power with high 
presser and water jet 
Suction pipe Pipe line and belt conveyor 
Cutter suction    
Cutter head which 
derived by motor 
Suction pipe 
Pipe line - belt conveyor 
and hopper 
Trilling hopper     
Cutter head which 
derived by motor 
Suction pipe 
By itself hopper and after 
that   Pipe line - belt 
conveyor and 
Methodology of environmental accounting  
The degradation of the environmental effects that happen when the extraction of underwater 
deposits was chosen based on the concept of ecological-balance of this concept of accounting 
methods. This method is a system for collecting and assessing environmental influences that 
occur in a defined system, which represents processes involved with production of the area of 
services. This work aims to assess the underwater mining techniques and look at the aspects 
affecting on the dredging techniques in case of environment and costs. It is not possible to 
determine all impacts of extracting the deposit from seafloor therefore it have to determine 
the most common environmental, economical and social impacts to be taken into account in 
the assessment method (Schmieder and Drebenstedt, 2005). 
In the first, the criteria of all dredgers will be summarized and scaled in the table to be used in 
the evaluation matrix which could be done by using an ordinary or a proportional scale. In the 
ordinary scale, the values of the same type of criteria are compared with each other and 
establishment the ranking points of those criteria which resulted lost the relative differences 
between them. Therefore it is better to use the proportional scale which compares between 




the values of the same type of criteria by using scaled in a differentiating way to save the 
content of the information (Schmieder and Drebenstedt, 2005). 
Table 3.5 shows an evaluation matrix. A refers to the dredging techniques; E refers to the 
environmental impact and P refers to the value of criteria of each dredger with the maximum 
points reach to 100. The points Pij are calculated for the impact of each dredger, and then it 
will be summation in the bottom of the table. This sum will appear the final impact of the 
dredger ranked in points from the largest to the least impact, which could be described as the 
final evaluation values for different types of dredgers. Also there are additional corrective and 
weighting factors need to be clarified. The correction factor (Kij) gives the different rates for 
the differences between the types of the environmental impacts such as noise or turbidity as 
far as time and intensity are concerned. 
The weighting factor (wj) weighs the criteria Ej against each other taking the importance of 
each impact in case of local or global environment into account.  This factor depends on the 
project area, the regulation of this region and the designer. The weight of each factor was 
determined before from the first methodology by using the AHP method and it will be used 
here (Schmieder and Drebenstedt, 2005). 
Table ‎3.5: Evaluation of the criteria of each dredging technique 




A1 A2 A3 A4 A5 
Criteria Weight K1j K2j K3j K4j K5j 
Ee 
E1 w1 P11 P21 P31 P41 P51 
E2 w2 P12 P22 P32 P42 P52 
E3 w3 P13 P23 P33 P43 P53 
Ee all i= Σ Σp1j×wj×k1j Σp2j×wj×k2j Σp3j×wj×k3j Σp4j×wj×k4j Σp5j×wj×k5j 
Ee : Environmental impact 
A : Technological alternative (mining technique) 
i  : Variant of the dredging equipment (e.g.:1 = bucket dredger, 2 = suction dredger, ...) 
E : Environmental impact 
j : Type of environmental impact (e.g.: 1 = noise, 2 = SO2 equivalent, ...) 




Pij: Points awarded to mining technique Ai and to the environmental impact Ej (takes the 
differences of E with regard to Ai into account) 
kij: Corrective factor for the type & intensity of the environmental impact, depending on Ai 
wj: Weighting factor between the criteria Ej ; not depending on Ai  
The general equation to calculate the all impact caused by a dredging as follows: 
Ee all  i =  pij
𝑛
𝑗=1
× wj × kij                                                                …  3.3 
The final result of this evaluation will be a non-dimensional numbers for all types of dredgers 
which contain the all rating of different criteria affecting on the dredging techniques which 
related to the different impacts.  
The economic (Ec.) and social impacts (So.) will be taken into account by using the same 
technique and same table1. Finally the total results of evaluation could be calculated from the 
equation 3.4.  
𝐹. 𝑒𝑣𝑎𝑙𝑢𝑎𝑡𝑖𝑜𝑛 = 𝐸𝑒𝑎𝑙𝑙  𝑖 + 𝐸𝑐𝑎𝑙𝑙  𝑖 + 𝑆𝑜𝑎𝑙𝑙  𝑖                                   …  3.4 
This procedure makes it possible to establish the most environmental, commercial and 
socially dredging technique. This method will be calculated after choosing the suitable case 
study for applying the different underwater mining equipments to get the information used in 
this method which will be studied in the next chapter.   
 




4 Case Study for Black Sand Extraction in the Mediterranean Coast of 
Egypt 
4.1 Basic information  
The chosen case study is the extraction of the placer deposits or black sand, which occur 
along of the Mediterranean coast of Egypt. The location, geological, physical and 
mineralogical background of black sand are described in the following.      
General background and uses 
The world market for heavy minerals is increasing due to the development of new products 
and applications, resulting in the need for technology to treat deposits having highly complex 
mineralogy. Egypt's black sand deposits are located in the Nile Delta between Alexandria and 
Rosetta. They contain substantial reserves of heavy mineral sands. More than 200 million 
tons of economically valuable minerals (ilmenite, titaniferous magnetite, iron oxides, zircon, 
rutile and monazite) are contained in the so-called black sands, which were formed as 
alluvium deposits of the Nile River on the Mediterranean coast (Nofal et.al., 1980). Black 
sand deposits in Rosetta beach in Egypt are located in approximately 70,000 m long, 800 m 
wide and 9 m deep (Hedrick, and Waked, 1989). The Nuclear Material Authority (NMA), 
Egypt, estimates that these deposits contain more than 3000 tons of monazite, which contains 
0.48% uranium and 6.04% thorium. 
Zircon (ZrSiO4): mineral contains the metal zirconium, which is extremely hard and high 
resistant to corrosion. More than half of the commercially produced zircon is consumed in 
glazing different articles. For example the use of zircon in ceramic is increasing significantly. 
On the other hand, the use of zircon as foundry sand and refractory materials is in general 
declining due to the availability of cheaper substitutes in the market (Aral, 2000).  
Rutile (TiO2): is named after the Latin word rutilus, meaning red. Rutile is a rich source of 
titanium dioxide. Titanium dioxide is a very white, opaque substance. Because of its opaque 
and reflective properties it is used as a pigment in paints, plastics and paper. Titanium dioxide 
is also used in sunscreen because of its ability to reflect the light.  
Ilmenite (FeTiO6): is named after the Ilmenski Mountains in Russia, where the mineral was 
first discovered. It is able to withstand extreme temperatures, and is used in the steel industry 
to line blast furnaces. Ilmenite's hardness also makes it useful as an abrasive. Ilmenite is the 




main source of titanium dioxide, which is used in paints, fabrics, plastics, paper, sunscreen, 
food and cosmetics. 
Geology of the Black Sands 
Geology of black sands consists of too many categories to be discussed but the important 
points of studies in this research are discussed in the following.    
Location and Forming: The placer deposits which occur in shallow depth along of the 
Mediterranean coast of Egypt extend from El-Sallum on the Western boundary to Rafah on 
the Eastern boundary. These sands are concentrated especially near Damietta and Rosetta 
branches of the Nile River which have delivered sediments to the Mediterranean Sea during 
past centuries. This part of the Mediterranean coast reaches about 900 km in length of the 
Nile Delta as showing in figure 4.1. These sands which are derived from the upper branches 
of the Nile and deposited in the sea at the outpourings of the Delta are concentrated at the 
coast by the action of sea waves. Erosion of the face has resulted in high concentrations of 
dense heavy minerals, while the lower-density minerals were transported either to the 
offshore or alongshore.   
 
Figure ‎4.1: The Nile Delta Coast, Show the location of black sands along of the Mediterranean Sea 
(Omran et.al., 1994). 




Similar grain–sorting patterns have been documented on the Nile Delta of Egypt. Based on 
analyses of beach-face sand samples, it was found that in areas of shore-line erosion the sand 
becomes concentrated in opaques (magnetite and ilmenite), zircon, rutile and garnet, the 
higher-density minerals within the beach sand, while the lower-density hornblende as well as 
the quartz and feldspars are transported alongshore and deposited in areas of shoreline 
accretion (Omran et.al., 1994). 
Topography and Lithology:  This coast was divided arbitrarily into three parts based mainly 
on the general difference in topography and Litho logy. These parts are the western part, west 
of Rosetta, the middle part, between Rosetta and Damietta, and the eastern part, east of 
Damietta. The western part of the Egyptian Mediterranean coast from Rosetta to Sallum was 
first studied by Hilmy who stated that this part of the coast is divided into two subdivisions 
on the basis of the difference in Lithology, particularly the carbonate contents. The western 
part from Dikhela to Marsa Matroh is very rich in the carbonate content. The eastern part 
from Alexandria to Rosetta is composed of sands varying in the degree of consolidation.  
From Abu Qir to the mouth of the Nile near Rosetta the beach sands show a relative darkness 
due to the relative enrichment of the heavy minerals. Hilmy detected zircon in the beach 
sands during the mineral analysis and showed that the heavy minerals decrease westwards 
(Hilmy, 1951; Shukri, and Phillip, 1955).  
Physical properties of the black sands 
The physical properties will be discussed such as grain size, color, magnetic, electrostatic, 
and radioactivity properties.  
Grain size and colors: The black sands on the northern beaches of the Nile Delta occur in 
two different types. The first one is very dark in color, while the second type varies from 
grayish yellow to dark gray in color. Grain size of zircon is classified in the beach sands of 
Rosetta on the basis of their color variation into four classes. These classes are the colorless 
water clear zircon (67%), colorless smoky zircon (26%), dusky colored zircon (6.25%) and 
clear colored zircon (0.75%).  
About the crystal form and habit, the same authors stated that zircon is composed of two 
different major clans of grains which are the euhedral crystals (28%) and the abraded and 
broken grains (72%). From the grain size analysis it is revealed that the mineral is perfectly 
sorted. The elongation ratio curves have a maximum at 1.5 -2.0 and it is noted that the well 
rounded grains are the most common (Zaghloul, and Kamel, 1966). 




Magnetic and electrostatic properties: Some of the heavy minerals in black sand have 
magnetic properties such as magnetite, Ilmenite and Rutile and the other mineral have 
electrical properties such as zircon and monazite. These properties are used to separate these 
minerals by magnetic separation and electrostatic separation processes.     
Radioactivity property: Egyptian black sands contain many minerals which have 
radioactivity properties such as zircon, monazite, and uranothorite. The studying the alpha 
particle track density of zircon showed that its auto radiograph is much lower than that of 
monazite. It is almost negligible with respect to that of uranothorite (Zaghloul, and Kamel, 
1966). The radioactivity of zircon from the black sands and its stored powder have a 
radioactivity which corresponds to a (ThO2 = 0.1087 %) or (U3O8 = 0.034l %). The 
radioactivity of the Egyptian black sands is due to zircon and monazite which are responsible 
for it. The radioactivity of zircon is mainly due to the presence of uranium and thorium 
(Meshref, 1962). 
Mineralogy of Black Sands 
The mineralogy and composition of the heavy minerals in the black sands which contain 
economic minerals, in the grain size fraction 0.1- 0.2 mm, usually are distributed as shown in 
table 4.1. The mineralogical composition of the beach sands, dune sands and alluvial deposits 
between Ghaza and El Arish are studied by Shukri and Phillip (1961) and they stated that 
"zircon is represented by small prismatic grains with sub rounded edges though few bi-
pyramidal or broken crystals with one pyramidal termination are recorded. The mineral has 
an average frequency of 4.4% for the beach sands, 5.5% for dune sands, and 6.2% for the 
alluvial deposits in the heavy fraction (Shukri and Phillip, 1961; Wassef, 1964). 
Table ‎4.1: Distribution of the heavy minerals in the black sands. 
Mineral Mineralogy S.G 
Ilmenite 
(FeTiO3) contains 31.8% titanium, and is the major ore of 
this metal. It is black, opaque, and can be slightly magnetic. 
5.00 
Rutile (TiO2 )  and contains 98 %titanium oxide 4.25 
Zircon (ZrSiO4) It contains 63% zirconium oxide and 31% silica. 4.65 
Monazite (Ce,La,Y,Th) PO4 It contains about 60% rare earths oxides. 5.27 




Site characteristics and conditions 
Dredging system has the optimum conditions to improve and increase its performance which 
is depending on the dredger type and the general characteristics of the site. These 
characteristics are divided into two groups: the basic characteristics such as (location, depth, 
accuracy required, profiles, length and width of dredging area) and the characteristics related 
to the site such as (wind, rain, fog, temperature, waves, currents and traffic). The dredging 
site has a direct effect on the choice of the dredger such as projects located in lakes or rivers 
which need a small type of dredger to be transported into the site (Jay, 1997; Herbich, 2000; 
Bray et. al., 1997).  
The distance between the dredging and the dumping sites is the factor in the selection of 
dredger. I.e. the pipeline transportation will be the most economical method in case of short 
distances and the barges transport becomes the best choice in large distances. Dredging depth 
could be affected on the selection of the dredger type. As mentioned before, there are many 
types of dredgers which work in different depths. Such as cutter suction, grab and bucket 
dredgers which are able to dredge in very shallow water and the other type which able to 
work in deep water reach to 100 m. Also length and width of the dredging area are very 
important in the choosing process (Bray, 1996; Volbeda, 1983). 
4.2 Planning of dredging work 
Planning of dredging work is depending on the project size and could be Implementation two 
stages which may be repeated as shown in figure 4.2. 
The first phase is achieved by conducting preliminary investigations to establish the optimal 
type. The second is the main investigative phase of the project by collecting all the necessary 
data and determine the costs. In this phase the following activities would be expected: 
 Select the designs for the project and calculate the basic cost for each type dredger as 
in the initial proposal. 
 Determine the output rates for each design and estimate the costs and other purposes. 
Geometry, condition of the study area and estimating the reserves  
The underwater deposits which occur in the shallow depth between 10-20 m. along the 
Mediterranean coast of Egypt are concentrated especially near Damietta and Rosetta. 
Therefore there are 2 working area which located around the Rosetta and Damietta branches 
of the Nile, each area have a length of 30 km and the width dredging area reach to 150 m. 




The thickness of the excavation deposit is 2m, which mean that the deposit reserve reaches to 
18 million m
3
, which equal 90 million tons of black sand and heavy mineral. The life of the 
mine 15 years, annual output assumed 6 million ton/year. 
 
Figure ‎4.2: The purposes out line of planning of dredging work (Bray, 1996). 
Operational parameters  
The calculation of the dredging performance In certain soil is no easy, therefore it should be 
estimated the dredger output and operating parameter to design the basis of programming and 
budget cost. In the present work man can draw the flowchart of all operation of production 
which illustrated in figure 4.3 and assuming any missing data to calculate the operational 
parameters (Bray, 1996). 
Yearly production and working hours  
The yearly production is defined here as the overall volume of dredging soil in year, which 
assumed as 6 million ton of soil. The working hours calculated by assumed that; 3 shafts per 
day, 8 hour per shaft and 300 day per year, so the annual working hours is 7200 h/y. 
Preliminary site 
investigation
Details of site investigation
Use of  dredging material
Calculat the cost of all operations
Output, lifetime, grade, environmental aspects and safety
Choice of dredger and design of dredging work




Delays factor fd : It is due to bad weather fw and maritime traffic ft which can be called as 
delay factor and can calculate by using the following equation. 
fd = ft × fw                                                                                                        … 4.1 
Where: 
ft  =  
Total working time available – Time lost due to traffic 
Total working time available
          …4.2 
 
 fw   =   
Total of days (hours) when weather is suitable 
Total number of days (hours)
                   … 4.3 
 








Yearly Production Working Hours
Obstacles factors Delays Factors




Bulking factor B:  The bulking factor is generally known as the ratio between dredged 
volume and in situ volume. The bulking factor is equal 1.25 in the case of medium soft to 
hard sand (Bray, 1996; Herbich, 2000). 
Operational factor fo: The efficiency of the operators and emergency situations that cannot 
be predicted. Therefore the operational reduction factor is thus necessary to take account. 
Table 4.2 shows some suggested factors based on the competence of the management and 
crew (Bray, 1996). 
Mechanical breakdown factor fb and efficiency 𝝃: The mechanical breakdown factor is 
related to the output drop occur over the time. It is equal 0% in the first 5 years, and then 
every year the reduction increased 1%. Therefore after 20 years it will be equal 0.85. Also the 
efficiency can be assumed between 85 - 90 %    




Poor Medium Average  Good Very good 
Very good 0.67 0.73 0.78 0.84 0.90 
Good 0.65 0.71 0.77 0.82 0.88 
Average 0.64 0.69 0.75 0.8 0.86 
Medium 0.62 0.67 0.73 0.79 0.84 
Poor 0.60 0.65 0.71 0.77 0.82 
Poor climate × 0.95 and arduous climate × 0.90 
The average output Q 
The average outputs Q can be obtained by multiplying all the previous factors in maximum 
output Qmax by using the following formula:  
𝑄 = 𝑓𝑑 × 𝑓𝑜 × 𝑓𝑏 × 𝜉 × 𝑄𝑚𝑎𝑥                                                                   … 4.4 
Finally the different delay, operating factors and the case study information are known and it 
will be applied to the different types of dredgers into this case study and calculate the results 
which used in the evaluating method. In this chapter there are two types of dredgers will be 
calculated, suction dredger as a hydraulic type and the buck ladder dredger as mechanical 
type and the rest dredgers equipment also will be calculated and illustrated in appendix (C).    




Suction dredger SD 
As mentioned before the suction dredger is one of the hydraulic groups. The suction mouth is 
directed into the seafloor and sucked up the materials into the pipeline by using the suction 
pump. There are two working areas, each have a length of 30 km and the disposal area at the 
middle which, means the average distance for sailing reach to 15 km as seen in figure 4.4.  
 
Figure ‎4.4: Showing the dredging, disposal area and average distance of sailing 
Estimating output 
The following information must be estimated: 
hpd    : The horsepower driving the dredging pump; 
hpc    : The horsepower driving the cutter; 
L      : The length of the discharge pipeline (m); 
d      : The average dredging depth (m); 
dmax  : The maximum dredging depth for the dredger (m); 
z  : The average thickness of material to be dredged (m); 
a  : The average distance advanced between side anchor movements (m); 
b  : The width of cut (m); 
P : The average distance advanced with each spud movement (m); 
ta  : The time taken to move side anchors (hours); 
tp  : 
The time taken to advance on spuds (hours). 
The production unit for the bucket wheel dredger is depending on the pump horsepower, hpd 
and the cutter horsepower, hpc. Figure (4.5a) shows the cutter power required to dredge soil 
of a particular N-value. 
Figure (4.5b) gives the relation between the maximum discharge distances into the and 
pipeline the pump power in different types of soil. Therefore it is necessary to choose the 
Average distance to 
disposal 15 km 
Disposal area  
Length of dredging area 30 km 




dredger type that able to discharge higher than the required distance. After choosing the 
pump power the dredger type will be chosen and check the capability of this dredger to reach 
the required depth. Then the theoretical output, Qt can be calculated using the modification 
factor, fm obtained from figure 4.6 by using the soil type and discharge distance (Bray, 1996) 
 
Figure ‎4.5: a) N-value of soil b) horsepower required on dredging pump for various discharge 
distances and soil characteristics (Bray, 1996) 
The output reduction is caused by the factor, ff which can be estimated from the graph in 
















































































b) Discharge distance (m) x 1000
Grain size 
D50 (mm)




𝑇𝑕𝑒 𝑡𝑕𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑜𝑢𝑡𝑝𝑢𝑡 𝑄𝑡 = 𝑓𝑚 × 𝑕𝑝𝑑                                             …  4.5 
𝑄𝑛𝑜𝑚 = 𝑓𝑓 × 𝑄𝑡    𝑜𝑟   𝑄𝑛𝑜𝑚 = 𝑓𝑓 × 𝑓𝑚 × 𝑕𝑝𝑑                                   …  4.6 
The delay factor, fp, which related to the time lost due to the advancing of the dredger and 





𝑧 × 𝑎 × 𝑏
                                                                                …  4.7 
Other delay factor fa, is occurring due to the time taken to move side anchors and calculated 




𝑄𝑛𝑜𝑚 × 𝑓𝑝 × 𝑡𝑎
𝑧 × 𝑎 × 𝑏
                                                                         … 4.8 
The maximum potential output, Qmax, is then given by: 
𝑄𝑚𝑎𝑥 = 𝑓𝑎 × 𝑓𝑝 × 𝑄𝑛𝑜𝑚                                                                          …  4.9 
 













































Figure ‎4.7: CSD: factor, ff , for various dredging depths and face heights (Bray, 1996). 
Calculations of output 
First the modification factor fm, must be calculated by the following steps: 
 In the figure (4.5 b) by putting hpd (2680) which cut the line of grain size of 0.4 mm 
we get the discharge distance equal 1900 m.  
 In the figure 4.6 by using the discharge distance ( 1900 m) and the same line with 
grain size of  0.4 mm the modification factor will be  (0.35). 
Then the theoretical output can be calculated from equation 4.5 as the following: 
 𝑄𝑡 = 0.35 × 2680 = 938 𝑚
3/𝑕 
Second the face height and dredging depth reduction factor ff, must be calculated by 
calculating the ratio between the working depth (d) and maximum depth for dredger (dmax), 
which equal 0.6, and using this in the figure 4.7 to get the ff, factor which will be (0.50) 
Depends on level of seabed before 
dredging losses occur in shallow water 
Working face.Z. 











































































Then the reduction in theoretical output caused by this factor and the output will be Qnom, 
which can be calculated by using equation 4.6 as the following: 
𝑄𝑛𝑜𝑚 = 0.5 × 938 = 469 𝑚
3/𝑕   










469 × 0.997 × 0.33
2 × 75 × 75
= 0.98 
Then the maximum potential output Qmax, will be calculated from equation 4.9 as follows: 
𝑄𝑚𝑎𝑥 = 0.997 × 0.98 × 469 = 458  𝑚
3/𝑕   
The actual output calculated from equation 4.4:  
𝑄 = 0.85 × 0.75 ×  0.85 × 0.85 × 458 = 210 𝑚3 𝑕   
𝑄 = 210 𝑚3 𝑕  × 5 𝑡 𝑚3 = 1050 t h  
Then the annual output of SD used can calculate as follows: 
𝑄𝑦 = 1090 t h × 24 h × 300 day ≈ 7.5 million t/y  
Calculations of economical aspects 
The suction dredger is not self-contained (extracting and loading) and it requires auxiliary 
equipments which used for towing the dredger (Tugboat) and for transporting the materials 
(hopper vessels), so the cost of this auxiliary equipment must be calculated with the overall 
costs in this type of dredger.  
Cost of dredger: The value of equipment is given in equation form which can be determined 
by employing characteristic data which are ((P+J): power dredging and Jet pumps = 2000 kW 
and W: lightweight = 1000 t) (ref A Guide to cost standard). The characteristic of the 
choosing dredger is illustrated in the table 4.3.  
Table ‎4.3: The characteristic of the choosing SD (Bray, 2009). 
Power dredger and  Jet 
pumps    kW 
Value                       
€ 
Value                       
€ /week 
Depreciation and 
interest  € /week  
Mintenance and repair             
€ /week 
2000 7250000 5577 30813 12543 




Finally the costs of this type of dredger will be the summation of maintenance and repair with 
the depreciation and interest.  
𝐶𝑜𝑠𝑡𝑠 𝑜𝑓 𝐶𝐷 = 5577 + 12543 ≈ 18120 €/week 
𝐷 + 𝐼 = 30813  €/𝑤𝑒𝑒𝑘 
Tugboat costs: Tugboat is the same type which choosed in the last type with the cost of 
tugboat = 2173 €/week   and   D+I = 1793 €/week. 
Hopper vessels costs: The hopper vessels are the same type and number with the cost of 
hopper vessels = 22764 €/week and D+I = 24624 €/week 
Cost of fuel and lubricants: The rate of fuel consumption is equal to 0.182 l/hp/h. The 
calculation of amount of liters per week is illustrated as the follows: 
Total working hour of dredger per week = 168 h 
Total working hour of one hopper vessel per week = 168 / 2 = 84 h 
Liters / week = 0.182 × 1.34 (168 × 2000 + 4 × 84 × 750) ≈ 143401 liters. 
The costs of fuel and lubricants = 143401 and 14340 €/week.     
Cost of crew: The crew cost is depending on the position of every member and the economic 
conditions of the country, where the project takes place. Therefore, in the following 
calculation, the weekly rats of every member of crew are assumed. 
Position Number  Week rate  Cost per week 
Captains 1 × 1000 = 1000 
Assistant 1 × 800 = 800 
Vessel driver 4  650  2600 
Eng. mechanical 2 × 650 = 1300 
Eng. electrical 1 × 650 = 650 
Eng. electronic 1 × 650 = 650 
Operators 14 × 650 = 9100 
Winch man 2 × 400 = 800 
Welders 1 × 400 = 400 
Deckhands 1 × 400 = 400 
Cooks 2 × 300 = 600 
Total    = 18300‎€/week 
Then the total cost for 4 crews to work 3 shift per day = 73200 €/week  
Overhead cost:  18120 + 2173 + 22764 + 143401+ 14340 + 73200 = 273998 €/week. 




Overhead cost = 273998 × 0.09 = 24660 €/week. 
Final costs = 273998 + 24660 = 298658 €/week. 
Final (D+I) = 30813 + 1793 + 24624 = 57230 €/week. 
Losses: There are two working areas, each area have a length of 30 km and the width 
dredging area reach to 150 m. The thickness of the excavation deposit is 2m, by taking into 
account accuracy of the excavated profile for this type of dredger, which equal 15 cm which 
can be calculated. Then the losses reach to (60000 × 150 × 0.15 = 1.35 million m
3
) which 
equal to 6.75 million tons of black sand and heavy mineral. 
Calculations of environmental aspects  
Gases emission and cumulative energy used: The SD has a weight of 650 ton and the hopper 
vessels has a weight of 2460 ton, which corresponds to 3017 ton steel and 93 ton of plastic, 
also the consumption of diesel was calculated as 6145757 l/y.  The emission of CO2, SO2 and 
CEI equivalent were calculated from material and also from diesel consumption to get the 
final emissions which illustrated in table 4.4. 
Noise: The pumps, winches and engines are relatively quiet noise disturbance. The noise 
value of this type is illustrated and measured in many references and it equal 60 dB. 
Turbidity: The suction dredger is generating low level of turbidity depending on the jet flow 
and suction flow. Also the using the pipeline limits the suspended sediments.  The turbidity 
concentrations in the choosing dredger from table 3.2, equal 100 mg/l. 
Table ‎4.4: The emissions of CO2, SO2 and CEI equivalent from SD. 
SD CO2 eq SO2 eq CEU eq 
Emission of 3017 ton steel /20year 4676.35 t 14.7833 t 60340000 MJ 
Emission of 93 ton plastic /20 year 227.85 t 1.023 t 7254000 MJ 
Emission of material /year 245210 kg/y 790 kg/y 3379700 MJ/y 
Diesel consumption /year 6145757 l/y 
Emission of diesel /year 19113304 kg/y 178227 kg/y 245830280 MJ/y 
Total emission /year 19358514 kg/y 179017 kg/y 249209980 MJ/y 
Output /year 7300000  t/y 
Total emission /ton ore 2581 g/t 23.9 g/t 9.2 kWh/t 
 




Accuracy: Because of the uncontrolled dredging by suction mouth an irregular pattern of pits 
are created. The suction mouth could be modified with suction head to improve the accuracy 
which will be better and reach to 10 or 20 cm. 
Calculations of social aspects 
Safety of the crew: In the suction dredger there is no direct contact between the crew and the 
dredged material which due to more safety in the dredging process, except when a blockage 
in the cutter or pump has to be removed. In addition that, it is equipped with all the safety 
precautions and protection, it is safe and the degree of safety can be classified as a very good. 
Marine traffic: Generally, the SD is a medium obstruction to maritime navigation, because it 
use many vessels to transport the dredging material, so it’s effect on the navigation on this 
area and can be classified as good dredger for marine traffic.  
Summary of suction dredger 
The final results of the suction dredger are summarized in the table 4.5.   
Table ‎4.5: The final calculation of SD. 
SD Unit  Value  
No of dredger, tug and hopper  No 1, 1 and 4 
CO2 eq.   g/t ore 2581  
SO2 eq. g/t ore 23.9 
CEU     kWh/t 9.2 
Overall costs €/week 298658 
D+I €/week 57230 
Losses  M.ton 6.75 
Noise  dB 60 
Turbidity  mg/l 100 
Accuracy  cm 15 
Safety Rank Very good 
Marine traffic Rank Good 
No of workers  No 120 
4.3 Bucket dredger 
The general characteristics of bucket dredgers are given in the figure 4.8.  





Figure ‎4.8: Characteristics of bucket dredgers (Herbich, 2000). 
Estimating output 
In order to estimate the output of this type of dredger the following information is required or 
must be estimated:  
B : The bulking factor;  
C : The bucket capacity ( m
3
); 
dn: The normal dredging depth (m) or the normal dredging depth with ladder extended; 
d : The average dredging depth (m); 
b : The width of cut (m); 
a : The advance distance (m) between side anchor movements; 
z : The average thickness of cut (m); 
H : The capacity of the attendant hopper barge ( m
3
) for the soil type; 
ta : The time required to move side anchors (hours); 
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The productive unit of this type is the capacity of the bucket in the chain. This has to be 
modified to take the soil characteristics into account. Modification factors for various soil 
types are shown in the Table 4.6. 
Table ‎4.6: Bucket dredger; modification factor for various soil types (Bray, 1996). 
Soil type  Modification factor, fm 
Stiff clay 0.80 
Soft clay 0.90 
Sticky clay 0.60 
Coarse sand 0.80 
Medium sand 0.70 
Fine sand 0.60 
Broken rock (pre-treated) 0.40 
Weak rock 0.20 
NB- Factors will increase for large amounts of bulk dredging. 
The uninterrupted output of the dredger, Qnom, can be estimated from the next equation: 
𝑄𝑛𝑜𝑚 = 60 𝐶 𝑓𝑚  𝑛 𝑓𝜃                                                                               … 4.10 
Where:    n = bucket chain speed (buckets per minute)  and fθ = tilt factor 
The speed of the bucket chain (n) is depending on the type of soil in addition to many other 
factors. The relation between the operating parameter of the bucket dredger (such as ladder 
length and the horsepower of the machine) and the bucket capacity are illustrated in figure 
4.8; also the bucket chain speed can be estimated from table 4.7. 
Table ‎4.7: Bucket chain speed, n, for various soil types and site conditions (Bray, 1996). 
Soil type 
Bucket chain speed, n 
(buckets per minute) 
Very weak material 25 to 28 
Weak material 18 to 22 
Stiff material 15 to 18 
Very stiff material 12 to 15 
Broken rock (pre-treated) 8 to 12 
Weak rock 3 to 5 
The tilt factor (fθ) taking the reduction of bucket capacity into account in case of the 
Inclination of the bucket ladder which create the spill of soil from the bucket. The optimum 




angle is 45ο. This factor depending on the dredging depth which can be (dn) and the site 
dredging depth (d). The values of fθ, can be obtained from figure 4.9. 
 
Figure ‎4.9: Tilt factor, fθ, for ratios of dredging depth, d to normal depth, dn (Bray, 1996). 
The losing time in the operations is happen when the transporting vessels are changed, but if 
the loading is carried out on both sides of the dredger, the delay will be very small. The delay 






                                                                                    … 4.11 






                                                                                  …  4.12 
𝑄max  =   𝑄𝑛𝑜𝑚    𝑓𝑎   𝑓𝑕                                                                                 …  4.13 
The maximum output can be calculated by assuming the following assumptions:  
a = 75 m and b = 75 m. 
ta = 0.33 h and th = 0.25 h (assumes barge on one side only). 
Calculation of output 
First, the modification factor fm = 0.7 was obtained from table 4.6 by knowing the soil type 






















Ratio of actual dredging depth, d, to normal dredging depth dn




Second the tilt factor fθ can be obtained from figure 4.9, by knowing the ratio of actual 
dredging depth (d=15m) to normal dredging depth (dn = 20 m, in this choosing dredger). 
𝑑
𝑑𝑛
 =15/20= 0.75 
Then, the tilt factor was calculated from figure 4.9 equal to 0.82. 
Then the nominal output calculated from equation 4.10, by knowing the bucket capacity from 
the choosing dredger which equal 0.6 m
3
 as follows: 
𝑄𝑛𝑜𝑚 = 60 × 0.6 ×  0.7 × 20 × 0.82 = 413  𝑚
3/𝑕   




0.25 × 413 × 1.2
400




5.86 × 10−5 × 0.76 × 413
2
  = 0.99  
Then the maximum potential output Qmax, will be calculated from equation 4.13 as follows: 
𝑄𝑚𝑎𝑥 = 0.76 × 0.99 × 413 = 310  𝑚
3/𝑕   
The actual output calculated from equation 4.4:  
𝑄 = 0.85 × 0.85 ×  0.9 × 0.85 × 310 = 171 𝑚3 𝑕   
𝑄 = 171 𝑚3 𝑕  × 5 𝑡 𝑚3 = 855 t h  
Then the annual output of BLD used can be calculated as follows: 
𝑄𝑦 = 855 t h × 24 h × 300 day ≈ 6.15 million t/y  
Calculations of economical aspects 
Cost of dredger: The value and the characteristic of dredger are illustrated in the table 4.8.  
Tugboat costs: Tugboat is equal = 2173 €/week   and   D+I = 1793 €/week 
Hopper vessels costs: The cycle time of each vessel = 7 h (loading time ≈ 2 h - sailing time ≈ 
3 h - dumping time ≈ 2), so the number of hopper vessels needed equal 3.  
The costs of hopper vessels = 3 (2223 + 3468) = 17073 €/week 
The Depreciation and interest = 6156 × 3= 18468 €/week 




Table ‎4.8: The characteristic of the choosing BLD (Bray, 2009). 
Installed power  
exacavator 
Value                     
€ 
Value                     
€ /week 
Depreciation and interest           
€ /week  
Mintenance and repair             
€   /week 
600 7630000 5870 32428 16481 
𝐶𝑜𝑠𝑡𝑠 𝑜𝑓 𝐵𝐿𝐷 = 5870 + 16481 = 22351 €/week 
𝐷 + 𝐼 = 32428 €/week 
Cost of fuel and lubricants: Total working hour of one hopper vessel per week equal to 168 / 
2 = 84 h Liters / week = 0.182 × 1.34 (168 × 600 + 3 × 84 × 750) ≈ 70676 liters 
The cost of fuel and lubricants = 570676 and 7068 €/week 
Cost of crew: The crew cost is depending on the position of every member and the economic 
conditions of the country, where the project takes place. Therefore, in the following 
calculation the weekly rats of every member of crew were assumed. 
Position Number  Week rate  Cost per week 
Manager  1 × 1000 = 1000 
Eng. mechanical 1 × 700 = 700 
Eng. electrical 1 × 700 = 700 
Dredger driver 1 × 600 = 600 
Vessel driver 3  600 = 1800 
Operators 10 × 500 = 5000 
Welders 1 × 400 = 400 
Deckhands 1 × 400 = 400 
Cooks 2 × 300 = 600 
Total    = 11200‎€/week 
Then the total cost for 4 crews to work 3 shift per day = 44800 €/week  
Overhead cost: Then the overall costs equal to 22351+ 2173 + 17073 + 70676 + 7068 + 
44800 = 165424 €/week 
Overhead cost = 165424 × 0.09 = 14888 €/week 
Final costs = 165424 + 14888 = 180312 €/week 
Final D+I = 32428 + 1793 + 18468 = 52689 €/week 




Losses: The losses will be equal 4.5 million tons of black sand and heavy mineral 
Calculations of environmental aspects 
Gases emission and cumulative energy used: The weight is 3065 ton steel and 95 ton of 
plastic, also the consumption of diesel was calculated as 3028971 l/y. See the emission in 
table 4.9. 
Table ‎4.9: The emissions of CO2, SO2 and CEI equivalent from BLD. 
BLD CO2 eq SO2 eq CEU eq 
Emission of 3065 ton steel /20year 4750.75 t 15.0185 t 61300000 MJ 
Emission of 95 ton plastic /20 year 232.75 t 1.045 t 7410000 MJ 
Emission of material /year 249175 kg/y 803 kg/y 3435500 MJ/y 
Diesel consumption /year 5917414  l/y 
Emission of diesel /year 9420100 kg/y 87840 kg/y 121158840 MJ/y 
Total emission /year 9669275 kg/y 88643 kg/y 124594340 MJ/y 
Output /year 7300000  t/y 
Total emission /ton ore 1572 g/t 14.4 g/t 5.6 kWh/t 
Noise: The noise value of BLD is equal 115 dB. 
Turbidity: The turbidity concentrations in the choosing dredger from table 3.2 equal 1000 
mg/l.  
Accuracy: Accuracy within 10 cm can be obtained. 
Calculations social aspects 
Safety of the crew: The possibility of crew members coming into contact with excavated 
material is high compared with the TSHD. This danger exists throughout the whole process, 
so it is not safe and the degree of safety can be classified as bad. 
Marine traffic: Generally, the BLD is medium obstruction to maritime navigation, because it 
use many vessels to transport the dredging material, so it effect on the navigation on this area 
and can be classified as good dredger for marine traffic.  
Summary of suction dredger 
The final results of the bucket ladder dredger are summarized in the table 4.5.   
 




Table ‎4.10: The final calculation of BLD. 
 BLD Unit Value 
No Dredger, tug and hopper  No 1, 1 and 3 
CO2 eq. and SO2 eq.  g/t ore 1572 and 14.4 
CEU     kWh/t 5.6 
Overall costs €/week 180312 
D+I €/week 52689 
Losses  M. ton 4.5 
Noise  dB 115 
Turbidity  mg/l 1000 
Accuracy  cm 10 
Safety and marine traffic Rank  Bad and Good 
No of workers  No  84 




5 Results and Discussion  
5.1 Fuzzy evaluation method  
The Fuzzy method is depends on many mathematical steps using the actual data from 
different types of dredgers to get the final results and the calculations as follows.  
Actual data of the different dredgers 
Actual data and research work is illustrated in the table 5.1. These data are collected from 
different resources such as catalogue of different types of dredgers and dredging books (Bray, 
2008&2009; Bray et al., 1997; Hebich, 2000; Thomas, 1996).  
Determination of the Fussy evaluation matrix 
The TSHD was taken as an example of the calculation. The Fuzzy evaluation matrix 
illustrated in (formula 1, App. B) can be determined by using the actual data in the table 5-1. 
Then it was compared with the formulas from (2 to 9, App. B) with respect to the limits of all 
assessment classifications used in tables 3.3 in order to get the Fuzzy assessment matrices, 
R1, R2, R3 and R4 as follows.  



























































Calculation of the weighting (w) by using the AHP method 
According to tables (B-1 – B-2) and the formulas from (10 to 17, App. B). The weightages of 
all indicators was calculated and the final result is illustrated in the following tables 5.2 - 5.6. 




Table ‎5.1:The actual values of  indicators for different types of dredgers. 
1- Characteristic of 
dredging  equipment 










BWD  SD WID BH GD BLD DD 
U11 Dredging depth   
 (m)  
80 70 55 50 45 40 30 18 25 25 30 
U12 Types of soils   
σ (kpa)  
40-50 50 400 400 350 200 50 350 50-100 200 300 
U13 Output rate   
(1000m
3
/hr )  
5 3 2.5 2 3 2.5 1.5 0.5 0.9 0.8 0.4 
U14 Consumption power 
(1000kW)   
15 10 11.5 8 7 6 1.3 4 1 1.2 2.5 
2- Enveironmental aspects  
U21 Turbidity and S.M.      
(mg/1)  
150 150 250 250 450 100 250 530 750 700 900 
U22 Noise   
(dB)  










   
        
(1000 kg/h) 
3.3 2.75 9.95 8.87 8.2 6.6 3.1 3.9 0.66 1 1 
U25 Cumulative energy 
input  (1000 kWh) 
12.4 10.3 37.2 33.2 30.5 24.8 11.4 14.5 2.4 3.8 3.8 
U26 Accuracy    
(cm) 
60 80 20 25 25 20 10 10 50 10 50 
3- Economic aspects  
U32 Costs / week   
(1000 €) 
146 149 220 191 191 120 60 177 20 76 20 
U33 Maint. &  repair 
cost/week (1000 €) 
64 71 79 75 75 35 20 76 12 28 12 
U34  Auxiliary equipment 
(No) 
1 1 2 2 2 2-3 0 2-3 2 2-3 3 
U35  Final investments  
(%) 
90 90 80 80 75 60 50 35 30 40 25 
4- Social aspects  
U41 Safety of people    
(%) 
75 75 80 80 80 90 90 50 50 50 50 
U42 Number of people    
(No) 
25-40 25-40 15-25 15-25 15-25 10-20 10-15 8-12 8-10 10-15 5-10 
U43 Education of 
employment (%) 
70 70 60 60 60 60 50 30 30 40 30 
U44 Marine traffic    
 (%) 
15 15 25 25 25 30 30 50 50 60 60 
Table ‎5.2: Weightages of all indicators on the hierarchy level of the criterion. 
U W Check the Consistency 
U1 0.185 
CR= 0.0038 < 0.1 U2 0.37 
U3 0.345 
U4 0.0999 




Table ‎5.3: Weightages of the indicators of characteristic of the dredging equipments. 
U1 W Check the Consistency 
U11 0.307 




Table ‎5.4: Weightages of the indicators of environmental aspects. 
U2 W Check the Consistency 
U21 0.33 






Table ‎5.5: Weightages of the indicators of economic aspects. 
U3 W Check the Consistency 
U31 0.404 




Table ‎5.6: Weightages of the indicators of social aspects. 
U4 W Check the Consistency 
U41 0.548 








5.1.1 Calculation of the AHP evaluation method  
After determining the weightages and the Fuzzy assessment matrices, the calculation 
proceeds by using the formula (18); all formulas are illustrated in appendix B.  
𝐵1 = 𝑊1 ∗ 𝑅1 =   0.764   0.327   0.174   0.201   
𝐵2 = 𝑊2 ∗ 𝑅2 =   0.630   0.767   0.202   0.206   
𝐵3 = 𝑊3 ∗ 𝑅3 =   0.172   0.128   0.323   0.808   
𝐵4 = 𝑊4 ∗ 𝑅4 =   0.417   0.528   0.320   0.251   
From this result and the formulas (20 – 21) the overall evaluation results is given as follows: 
𝐵 = 𝑊 ∗ 𝑅 =  0.185 0.37 0.345 0.1 ∗  
0.764   0.327   0.174   0.201
0.630   0.767   0.202   0.206
0.172   0.128   0.323   0.808
 0.417   0.528   0.320   0.251
  
𝐵 =   0.475 0.441 0.250 0.417  
By using the formula (19) we get the final results. 
𝐵′ =   0.30 0.28 0.16 0.26  
The membership numbers of the dredgers evaluation by using these results Y1 (strong) gets 
equal 0.3 = 30% (Yaon, 2005). According to the principle of maximum membership, the 
competitiveness of all types of dredgers can be appraised.  
5.1.2 Calculation of the PCA evaluation method 
There are many mathematical calculations in this method such as standardization of indicator 
data, the correlation matrix and the eigenvalues and eigenvectors of the correlation matrix to 
select the principle component. They are illustrated respectively in the App. B. The final 
results of evaluation values of all types of dredgers systems are illustrated in table 5.7. The 
characteristics of the dredging equipments are the most important criteria used for choosing 
the most efficient type of dredger for a specific project. However, there are many different 
points that are common to all types of dredgers used can be identified, such as the expulsion 
of the material, lifting materials, transportation and treatment. 
The dislodging process is removing or cutting the material from the seabed. The excavation 
process is easy in the soft sediments. Nevertheless, it can be very difficult to remove hard 




rocks. Dislodging is carried out by cutterhead, draghead or the cutting edge of a bucket. 
Sometime the jets array of water used for this purpose.  
Table ‎5.7: Evaluation values of the affiliated systems for dredgers equipments. 







F4            
Social 
TSHD 2.265778 -0.25007 0.487773 1.914826 
TSHD split bottom 0.987178 -0.61102 0.654056 1.914826 
CSD self prop. 1.212341 1.958601 1.313226 0.899438 
CSD not self prop. 0.537188 1.450158 0.998921 0.899438 
BWD 0.556747 1.360513 1.013035 0.899438 
SD 0.036129 0.38649 -0.42979 0.808739 
WID -1.22617 -0.77762 -0.98413 0.327315 
BH -0.90789 -0.14701 0.9316 -1.84466 
GD -1.47056 -1.24794 -1.51377 -1.94921 
BLD -1.19722 -0.77163 -0.86912 -1.70834 
DD -0.79351 -1.28697 -1.6018 -2.18977 
Therefore, the choosing of dredger type depends on the type, depth of soil, and the choice of 
equipment. The material is raised into the water surface by using the mechanical alternative 
such as (backhoe, dipper or bucket line dredgers) or by using the hydraulic alternative such as 
(cutter suction or trailing suction hopper by using a suction pipe) (Boyd et.al. 2004). These 
raising materials are not affected by the type of dredger but it does affect the output. 
The horizontal transport is the transportation of the dredged material from the dredging area 
into the final relocation area. This can be achieved mainly by pipeline transport (used only in 
hydraulic types), transport by barges (generally selected for mechanical excavation) and 
hopper dredgers (it is exception of the TSHD) (Thomas, 1996; John, 1970). There are other 
types of transport, such as a truck or conveyor belt transport but it is not commonly used.  
Finally the characteristics of the dredgers can be used as general criteria for choosing a 
dredger for specific projects, at first step of evaluation. Figure 5.1 shows that hydraulic 
dredgers are the most efficient ones. But it is not true because the excavation process may not 
be possible in the case of hard sediments. Then, the choice of dredger will be changed to find 
another type which can be used in hard rock.  





Figure ‎5.1: Evaluation values of the dredgers systems with the characteristic aspects. 
Figure 5.1 shows the fact and the reality of the different evaluation between types of dredgers 
because the evaluations of characteristic are depending on the performance of all types of 
dredgers, which are dredging depth, soil types, and output rate and consumption power. It is 
obvious in figure 5.1 that the hydraulic types have better performance than the mechanical 
types. The environmental effect of mine dredging projects makes a complex of interacting 
processes in a wide range of different domains (John, 1970; Caras, 2009). The comparison 
between the different types of dredging equipments among one another based on their 
specific characteristic is a challenge. So that it is required to identify the most 
environmentally sensitive criteria which may be affected by the dredger types.  
The selection of suitable dredging equipment for a project is one of the key factors affecting 
on the environment. Therefore the suitable dredger must combine the cost-effectiveness with 
environmental sensitivity. Each criterion depends on the nature of each particular project, 
also used in evaluating the environmental efficiency. There are many impacts are important 
in each project such as turbidity, noise, emission of gases, cumulative energy input and 
accuracy. Also helps in identify and reduce these impacts in the traditional dredging projects 
(Bray, 1996; Thomas, 1996; Boyd, 2005). 
The evaluation results of the environmental aspects are illustrated in figure 5.2. The cutter 
suction dredgers and the bucket wheel dredger are the worst types regarding the environment, 































turbidity and the amount of suspended material around the dredging area. Moreover, the high 
consumption of power also increase the emissions of gases and cumulative energy input.  
On the other hand all mechanical dredgers have less impact on the environment and this is 
due to low consumption of power which decreases the emissions of gases and cumulative 
energy input, taking into account the high generation of turbidity and nose. The trailing 
suction dredgers come in second place in terms of impact, although it is considered one of the 
best environmentally-friendly machines ignoring the emission of gases in case the project is 
in unpopulated areas and taking into account economic conditions.  
 
Figure ‎5.2: Evaluation values of the dredgers systems with the environmental aspects. 
The evaluation of the results of economical aspects is illustrated in figure 5.3. It shows also 
the high costs of using the hydraulic dredger especially CSD and BWD except SD and WID. 
This increase of the costs is related to the higher prices of these types of dredger, and 
maintenance and repair costs of each type. But it is still used because the type of soils is the 
key factor for choosing the dredger type especially when the cohesive soils or rock deposit 
types is located. 
Figure 5.3 shows that of all types the most economical dredgers are the mechanical types 
except BHD, in addition to the two hydraulic types, SD and WID. This is due to the low 
prices, as well as the cost of maintenance and repair. Also sometime TSHD can be considered 
as an economic type, however its high price may be overlooked due to their high 





























extraction, transport and dumping, in addition to the ability to dredging in the deeper water 
and don’t need to auxiliary equipment. 
 
Figure ‎5.3: Evaluation values of the dredgers systems with the economic aspects. 
The local socio-cultural aspects depended on the potential impact on the local community 
such as beaches, marine life, marine traffic and its impact on adjacent areas. This effect is 
mainly based on the technological development of dredgers. When the dredger is more 
advanced the social effects will decrease. The social aspect is completely changed by 
changing the type of dredgers from hydraulic type to mechanical type see figure 5.4. Also the 
figure shows the direct proportion in the hydraulic types related to less or highly developed 
types. On the other hand the mechanical dredgers are very close values almost the same 
because it have the same development with difference technique of extraction.    
5.1.3 Overall assessment of the evaluation value for dredgers equipments  
The weightage values in table 5.2 changes after neglecting the weightage factor of the 
characteristic aspect. It is related to the performance of dredgers and could be used as a 
primary evaluation for choosing the dredger type depending on the depth, output and soil 
type. By using it with the data in table 5.7 and the formula 35 in App. B, the total value of the 
evaluation rating for all dredgers was calculated and illustrated in table 5.8. Figure 5.5 shows 
the final evaluation system for all dredgers taking into account the environmental, 

































Figure ‎5.4: Evaluation values of the dredgers systems with the social aspects. 
Table ‎5.8: The final evaluation of dredger types. 
Type of dredgers Final evaluation (F) 
TSHD 0.22378 
TSHD split bottom 0.346053 
CSD self prop. -1.30003 








This evaluation method depend on the criteria whether environmental, economic or social, 
which may be influenced by the dredging equipment and process. If choosing of these criteria 
has been guaranteed in terms of representing the reality of these effects and problems, the 
































Figure 5.5 shows that the mechanical dredger types except BHD are the most efficient and 
friendly types in case of economic, environment and social aspects. However it's less 
developed than the hydraulic types in term of technological possibilities and development. 
This result is accepted for choosing the dredger type, when the information about the whole 
project is clear and consistent with the mechanical type. The project area is sensitive to the 
environment then the trend of choosing the dredger type will change to find the more 
developed dredgers such as TSHD and SD which are the best types in hydraulic types. 
 
Figure ‎5.5: Final evaluation system for all types of dredgers equipments. 
Finally the evaluation between different types of dredger was obtained as shown in figure 5.5, 
but in economic and characteristic sense, the BLD have the advantage because of the high 
productivity and widely used all over the world. In addition, the Fuzzy evaluation method 
help in this case for choosing the most effective type of dredger for any project but on other 
hand sometimes it is not clear to get the desired goal.   
5.2 Calculation of the accounting method 
The accounting method is a system for collecting and assessing any type of influence effects 
that occur in a defined system, which represents processes involved with the production of 
the area of services. It will be applied into environmental, economical and social aspects 
which are calculated from the applied case study in chapter 3. The example selected in the 
modeling is an extraction of black sand from the underwater floor along of Egyptian 
























Evaluation of all aspects




dredging techniques in shallow water. The final data of all environmental, economical and 
social aspects which are calculated in the case study will be the basic information and data 
necessary for use in the accounting method illustrated in table 5.9.  
5.2.1 Calculation of the environmental accounting method 
The assessment of an environmentally friendly dredging technique should take into account 
all environmental effects that result from using of dredgers. It is not possible at the moment 
to quantify all environmental effects especially when some effects can be neglected and can 
be focused on the most effective effects, such as emissions of gases from combustion 
engines, cumulative energy input, noise, turbidity and accuracy of cutting.  
Table ‎5.9: The results of environmental, economic and social aspects of the case study 
Dredgers TSHD BWD SD GD BHD DD BLD 




CO2 eq. (g/t ore) 2547 3784  2581  2295  2700  2395  1572  
SO2 eq.  (g/t ore) 23.5 35 23.9 21 24.9 22 14.4 
CEU   (KWh/t) 9.1 13.5 9.2 8.2 9.6 8.6 5.6 
Noise  (dB) 100 115 60 90 100 100 115 
Turbidity (mg/l) 150 250  100 750 530 900 1000 
Accuracy   (cm)  20 10 15 40 10 50 10 
2-Economical aspects  
Overall costs (€/week) 305276 440325 298658 245590 362681 245590 180312 
D+I   (€/week) 98112 89858 57230 35717 154501 35717 52689 
Losses   ( M. ton) 9 4.5 6.75 18 4.5 22.5 4.5 
3-Social    aspects  







Bad        
50 
Bad        
50  
Bad         
50  
Bad        
50 
Marine traffic (%) 
V. good 
80 
Good       
70 
Good      
70 
Medium    
60 
Good      
70 
Medium   
60 
Good      
70 
No of workers (No) 80 168 120 108 108 108 84 
The environmental results of each dredger type are summarized in the first part of table 5.9. It 
will be used in the evaluation matrix and the calculation. This can be done by using an 
ordinary scale (the values of the same type of criteria were compared with one another, with 




the values being assigned points as already mentioned in methodology chapter) or a 
proportional scale (the values of the same type of criteria will be scaled in a differentiating 
way which is used here in environmental effects). The results of environmental calculation 
are illustrated in the table 5.10 by using the calculated weight from Fuzzy method after 
approximating the values in table 5.4. In other words, focusing on the all effects which play 
an important role in this evaluation process to obtain the final evaluation, see figure 5.6. 
Table ‎5.10: Evaluation of environmental effects according to all types of effects 
Environmental 
aspect 
Wt TSHD BWD SD GD BHD DD BLD 
CO2 eq.  15 9.26 6.23 9.136 10.27 8.73 9.8 15 
SO2 eq.   15 9.19 6.17 9.04 10.28 8.67 9.8 15 
CEU    15 9.23 6.22 9.13 10.2 8.75 9.77 15 
Noise    10 6 5.22 10 6.67 6 6 5.2 
Turbidity   35 23.3 14 35 4.67 6.6 3.89 3.5 
Accuracy   10 5 10 6.67 2.5 10 2 10 
Sum 
(ranking) 
100 62.01 47.84 78.97 44.64 48.76 41.32 63.72 
Scaling 100 78.53  60.58 100  56.52 61.75 52.32 80.68 
Figure 5.6 shows that the suction dredger is the most environmentally-friendly technique. It 
has the highest scaling and thereafter, the bucket ladder dredger come in the second place. 
Then the third place for the trailing suction hopper dredger. In general this result would be 
acceptable because the suction dredger is a less type of dredgers that generate noise and 
turbidity. Because it takes about 45% of total weight factor and also it is the moderate type 
with respect to other effects.  
The bucket dredger is less type that develops the rest of the effects. It takes 55% of the total 
weightage factor, although it is the worst type in case of noise and turbidity. The TSHD is a 
moderate type of dredger. Therefore, it comes in the third place or it comes in the second 
place as compared to bucket ladder type. The other types of dredgers are close together in 
value. But also, they are far away from the first three types because the differences between 
them reach to 20. Finally the environmental evaluation according to all effects shows that the 
suction dredger is the best choice among the hydraulic dredging type and the bucket ladder 
dredger also the best choice among of mechanical dredging type. 




    
Figure ‎5.6: Evaluation of environmental effects according to all types of effects. 
Other calculations have been obtained by increasing the weight age factors of turbidity and 
neglecting other factors. The final result of evaluation according to only turbidity factors are 
illustrated in table 5.11 and figure 5.7 
Table ‎5.11: Evaluation of environmental effects according to turbidity 
Environmental 
aspect 
Wt TSHD BWD SD GD BHD DD BLD 
CO2 eq.  5 3.1 2.1 3.05 3.42 2.9 3.28 5 
SO2 eq.   5 3.06 2.06 3.01 3.43 2.89 3.3 5 
CEU    10 6.15 4.15 6.1 6.83 5.8 6.5 10 
Noise    0 0 0 0 0 0 0 0 
Turbidity   60 40 24 60 8 11.32 6.67 6 
Accuracy   20 10 20 13.3 5 20 4 20 
Sum (ranking) 100 62.3 52.3 85.48 26.68 42.96 23.7 46 
Scaling 100 72.89 61.2 100 31.22 50.25 27.76 53.8 
The second type of evaluation is focused on turbidity effect by increasing the weight factor 
into 60% which may be used if the dredging area is far away from residential areas. So that 
the noise effect could be neglecting and the weight factors of emission of gases could be 
decreased. Therefore, this evaluation only concern with the environment of the water quality. 
Also the accuracy of cutting will be rearranged the places of all types of dredger according to 




























Figure 5.7 shows that the suction dredger is the most environmental friendly technique 
followed by the trailing suction hopper dredger standing n the second place, although the 
difference between the two values reaches30. Third place is for the bucket wheel dredger 
followed by the bucket ladder dredger  which is clearly because of the reason that the suction 
dredger produces less turbidity which accounts to 60% of the total weightage factor and the 
bucket ladder dredger is the worst type regarding turbidity..  
 
Figure ‎5.7: Evaluation of environmental effects according to turbidity. 
The values of grab and dipper dredgers .Therefore this evaluation does not favor use of these 
type of dredgers. The bucket wheel dredger May also not be used because of the reason that 
the suction type or trailing suction type are used in case of sandy soil. Consequently the 
environmental evaluation based on turbidity effect show that the suction dredger is the best 
choice and trailing suction type is the second choice in case of hydraulic dredging type.The 
bucket ladder dredger is the best choice if the choices are of mechanical dredging.   
Another calculation was carried out by increasing the weightage factors of cumulative energy 
input and accuracy and decreasing the other factors. The final results of evaluation according 
to the new weighting factors are illustrated in table 5.12 and figure 5.8. 
Figure 5.8 shows a new scenario for all types of dredgers. The values are very much close to 
one another except of grab and dipper types. The result of this type of evaluation according to 
CEU and accuracy effects shows that the bucket ladder dredger is the best choice. Suction 




























Table ‎5.12: Evaluation of environmental effects according to CEU and accuracy. 
Environmental 
aspect 
Wt TSHD BWD SD GD BHD DD BLD 
CO2 eq.  10 6.17 4.15 6.1 6.85 5.82 6.56 10 
SO2 eq.   10 6.13 4.11 6.03 6.86 5.78 6.55 10 
CEU    30 18.46 12.4 18.26 20.49 17.5 19.53 30 
Noise    10 6 5.22 10 6.67 6 6 5.22 
Turbidity   10 6.67 4 10 1.33 1.89 1.1 1 
Accuracy   30 15 30 20 7.5 30 6 30 
Sum (ranking) 100 58.43 59.93 70.38 49.69 66.99 45.76 86.22 
Scaling 100 67.77 69.5 81.63 57.64 77.7 53.07 100 
 
 
Figure ‎5.8: Evaluation of environmental effects according to CEU and accuracy. 
Another calculation was carried out by increasing the weightage factors of gas emissions and 
decreasing other factors. The final results of evaluation according to the new weighting 
factors are illustrated in table 5.13 and figure 5.9. The result of this environmental evaluation 
type is much closer to the latter type of evaluation based on CEU and accuracy. Figure 
5.9show that the values of all dredgers are much closer to one another except of bucket ladder 
one. They have high scale but it is far away from all types, the nearest dredger is suction 
dredger. The difference between them is very high; hence, the bucket ladder is the only 




























Table ‎5.13: Evaluation of environmental effects according emissions of gasses. 
Environmental 
aspect 
Wt TSHD BWD SD GD BHD DD BLD 
CO2 eq.  40 24.69 16.62 24.36 27.39 23.29 26.25 40 
SO2 eq.   35 21.45 14.4 21.09 24 20.24 22.91 35 
CEU    10 6.15 4.15 6.09 6.83 5.83 6.51 10 
Noise    0 0 0 0 0 0 0 0 
Turbidity   10 6.67 4 10 1.33 1.89 1.1 1 
Accuracy   5 2.5 5 3.33 1.25 5 1 5 
Sum (ranking) 100 61.45 44.16 64.87 60.8 56.25 57.78 91 
Scaling 100 67.5 48.5 71.28 66.83 61.8 63.5 100 
 
 
Figure ‎5.9: Evaluation of environmental effects according to emission of gasses. 
As mentioned in all previous evaluations, the choice of dredger type depends on the way of 
evaluation which changes relative to dredging area, depth of deposit, type of soil and 
environmental sense which change from place to another. Therefore, it is important to see the 
comparison between all evaluation types to clarify the differences related to changing the 
weightage factors illustrated in figure 5.10. 
Figure 5.10 shows that the trailing suction type has approximately the same position and does 
not change like other types which refer to its ability of being used under different conditions 
because it is technologically more developed type. Also, the suction type is in the same 
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position when neglecting the evaluation based on gas emission which means that the suction 
type is suitable dredger for all projects whatever the environmental effects are. 
 
Figure ‎5.10: The comparison between environmental evaluation types. 
On the other hand, the bucket ladder type is the most suitable solution for any project in case 
the turbidity effect is neglected because it can be solved later. Also it must be mentioned that 
in this study the first evaluation type which consider the environmental effects will take into 
account. This is because the objective of this work is the environmental effects. 
5.2.2 Calculation of the economical accounting method 
The assessment of the economic dredging technique should take into account the most 
effective parameters such as the overall costs of dredging project, the depreciation and 
interest, which is the percentage of the standard value and the residual cash value of the 
equipment in addition to losses of deposits. The economic results of each dredger type are 
summarized in the second part of table 5.9, which are used in the evaluation matrix. The 
results are illustrated in table 5.14 by taking into account all the effects and focusing on the 
overall costs.    
Figure 5.11 shows that the mechanical types except the backhoe, have the highest scaling 
which is related to the difference between the hydraulic and mechanical dredger in the case of 
overall costs. On other hand, the suction dredger is the most economic technique in case of 
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Table ‎5.14: Economical evaluation according to all effects focusing on overall costs 
Economic 
aspects 
Wt TSHD BWD SD GD BHD DD BLD 
Overall costs 60 35.44 24.57 36.2 44.05 29.83 44.05 60 
D+I 30 10.92 11.92 18.7 30 6.94 30 20.33 
Losses 10 5 10 6.67 2.5 10 2 10 
Sum (ranking) 100 51.36 46.49 61.61 76.55 46.76 76.05 90.33 
Scaling 100 56.8 51.47 68.2 84.74 51.77 84.19 100 
 
 
Figure ‎5.11: Economical evaluation according to all effects focusing on overall costs. 
This result makes sense because the bucket ladder dredger is a lesser type in terms of overall 
costs accounting to 60% of the total weight factor. Also it is the best type with the 
depreciation, interest and losses. The other two types of mechanical dredgers are the same 
such that the mechanical types are the best solution when taking into consideration the 
economics of the project. The suction dredger becomes the solution when the decision maker 
has to choose from the hydraulic types under any environmental or legal conditions. 
Another calculation has been obtained by increasing the weight factor of depreciation and 
interest and by decreasing other factors. The final results of evaluation according to the new 



























Table ‎5.15: Economical evaluation according to depreciation and interest 
Economic 
aspects 
Wt TSHD BWD SD GD BHD DD BLD 
Overall costs 25 14.77 10.24 15.1 18.35 12.43 18.35 25 
D+I 70 25.48 27.8 43.69 70 16.18 70 47.45 
Losses 5 2.5 5 3.33 1.25 5 1 5 
Sum (ranking) 100 42.75 43.1 62.1 89.6 33.6 89.35 77.45 
Scaling 100 47.71 48.1 69.32 100 37.5 99.7 86.44 
Figure 5.12 shows the approximated results as compared to the overall costs but with some 
changes in the positions of the mechanical type. The grab and dipper dredgers take the 
priority and get the highest score. The bucket ladder type comes at second position. On other 
hand, the suction type neither changes the score nor the position, which means that in this 
type of economic evaluation the mechanical dredger types are the best choice for any 
projects. The suction type will be the second solution when other environmental effects or 
special project requirements are considered. 
 
Figure ‎5.12: Economical evaluation according to depreciation and interest. 
The third evaluation type will be focusing on the losses in case of high value deposits and 
have to extract it. In this case the weight factor of losses effect is be increasing and 
decreasing the other factors. The final results of the new evaluation according to losses are 


























Table ‎5.16: Economical evaluation according to losses 
Economic 
aspects 
Wt TSHD BWD SD GD BHD DD BLD 
Overall costs 30 17.72 12.28 18.1 22.03 14.9 22.03 30 
D+I 10 3.64 3.97 6.24 10 2.31 10 6.78 
Losses 60 30 60 40 15 60 12 60 
Sum (ranking) 100 51.36 76.26 64.35 47.03 77.23 44.03 96.78 
Scaling 100 53.07 78.8 66.49 48.59 79.8 45.49 100 
There occur many differences in arranging the position of each dredger, see Figure 5.13. The 
bucket ladder still has the advantage of usage. The backhoe and bucket wheel types come as 
second priority, however, they are the worst types in case of the costs and depreciation, and 
interest. This evaluation presents the suction dredger as the third choice which has the same 
rating in all previous evaluations with different position.  
 
Figure ‎5.13: Economical evaluation according to losses. 
As has been mentioned before in the three evaluations, the choice of dredger type is 
depending on the economical point of interest such as overall costs, depreciation and interest 
or losses of deposits. So it is important to develop comparison between all evaluation types to 
clarify the differences that are related to the changing of the weightage factors, see figure 
5.14. The trailing suction, bucket and suction types have approximately the same position and 



























see figure 5.14. Also the bucket ladder type is the best choice when neglecting the evaluation 
in term of depreciation and interest which means that it will be the suitable dredger for all 
projects in case of economic concerns.  
 
Figure ‎5.14: The comparison between economical evaluation types. 
5.2.3 Calculation of social accounting method 
The assessment of the social evaluation takes into account the most effective effects aspects 
such as the safety of crew and marine traffics. The social results of each dredger type are 
summarized in the third part of table 5.9 which is used in the evaluation matrix. The results 
are illustrated in the table 5.17 and figure 5.15. 
Table ‎5.17: Social evaluation according to all effects 
Economic aspects Wt TSHD BWD SD GD BHD DD BLD 
Safety of crew 75 75 66.67 66.67 41.67 41.67 41.67 41.67 
Marine traffic 25 25 21.87 21.87 18.75 21.87 18.75 21.87 
Sum (ranking) 
and Scaling 
100 100 88.5 88.5 60.4 63.5 60.4 63.5 
Figure 5.15 shows the hydraulic dredging type has an advantage in case of safety of crew and 
marine traffic especially trailing suction type which has the highest score, which is followed 
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approximately the same scores because all of them are very close in developments and have 
similar technology. 
 
Figure ‎5.15: Social evaluation according to all effects. 
5.2.4 Calculation of the final evaluation  
As has been mentioned before, the first evaluation type which depending on all available 
aspects is focused. So that the final evaluation is carried out by using the same evaluation 
methods and using the weightage factors in different cases. The first one is focusing on the 
environment as shown in table 5.18 and figure 5.16. 
Table ‎5.18: Final evaluation from the environmental point of view  
Final 
Evaluation 
Wt TSHD BWD SD GD BHD DD BLD 
Environmental 60 78.5 60.6 100 56.5 61.7 52.3 80.7 
Economic 30 56.8 51.47 68.2 84.7 51.77 84.2 100 
Social 10 100 88.5 88.5 60.4 63.54 60.4 63.54 
Sum (ranking) 100 74. 2 60.6 89.3 65.37 58.93 62.69 84.76 
Scaling 100 83.05 67. 9 100 73. 2 65.98 70. 2 94.9 
The final evaluation from the environmental point of view is presented in figure 5.16. It 
shows that the most environmentally, economically and socially efficient technique choice is 
the suction dredger in case of hydraulic dredgers and the bucket ladder dredger in case of 
100
88.5 88.5





















mechanical dredgers. The second type of evaluation is concentrated on the economic aspect, 
see table 5.19 and figure 5.17. 
 
Figure ‎5.16: Final evaluation from the point of view of environmental 
Table ‎5.19: Final evaluation from the economical point of view  
Final 
Evaluation 
Wt TSHD BWD SD GD BHD DD BLD 
Environmental 30 78.5 60.58 100 56.5 61.7 52.3 80.6 
Economic 60 56.8 51.47 68.2 84.74 51.77 84.19 100 
Social 10 100 88.54 88.54 60.4 63.54 60.4 63.54 
Sum (ranking) 100 67.67 57.9 79.78 73.84 55.93 72.25 90.56 
Scaling 100 74.72 63.94 88.1 81.54 61.77 79.7829 100 
The final evaluation from the point of view of being economical is illustrated in figure 5.17. 
It shows the most economically, environmentally and socially efficient techniques such as the 
bucket ladder dredger in case of mechanical dredgers and the suction dredger in case of 
hydraulic dredges. 
The third evaluation focuses on the social aspects, see table 5.20, and figure 5.18. The final 




























socially, economically and environmentally efficient technique choice is all the hydraulic 
types specially trailing suction and suction dredgers. But in case of mechanical dredgers the 
bucket ladder dredger is the only choice type.  
 
Figure ‎5.17: Final evaluation from the point of view of economics 
Table ‎5.20: Final evaluation from the point of view of social 
Final Evaluation Wt TSHD BWD SD GD BHD DD BLD 
Environmental 20 78.5 60.58 100 56.5 61.7 52.3 80.6 
Economic 20 56.8 51.47 68.2 84.74 51.77 84.19 100 
Social 60 100 88.54 88.54 60.4 63.54 60.4 63.54 
Sum (ranking) 100 87. 1 75.5 86.76 64.5 60.8 63.55 74.26 
Scaling 100 100 86.74 99.64 74.08 69.85 72.98 85.28 
This type of evaluation which depends on social aspect does not use when talking about 
engineering and industrial techniques. It is very important to take into account the 
environmental and social aspects but at the same time, the economical aspect must be kept at 
first priority.  
Figure 5.19 shows the comparison of the latest evaluations from different point of views. The 
evaluations are close to one another for the mechanical types and different for the hydraulic 
types but the evaluation type from the point of view of environmental and economical aspects 
are very close in rating value. This evaluation shows that the bucket ladder dredger is the best 



























restrictive conditions to use this type, suction type is the alternative which is less economical 
but it is the best in case of environmental and social evaluation.  
 
Figure ‎5.18: Final evaluation from the point of view of social 
 
Figure ‎5.19: The evaluations comparison from different point of view 
Also the final evaluation can be calculated by taking into account the three points of views as 
the same priority with equal weighting. It is done by the summation of all evaluation values 
(the environmental, economical and social values from tables 5.10, 5.14 and 5.17),see figure 
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means that it is the most environmentally-friendly dredging technique, when looking at the 
best results of the environmental and social evaluations with moderate result of the 
economical evaluation.  
On the second place is the bucket ladder dredger. It could be in the first place with the suction 
dredger in case of mechanical dredgers when looking to the best results of economic 
evaluation and normal results of environmental and social evaluation. The bucket ladder 
dredger gives the decision maker the opportunity to use it as the best choice when the 
circumstances allow neglecting the environmental and social effects especially in projects far 
away from residential area. Also the bucket ladder dredger is the best choice for mining 
companies when they take care about the economics and not about the environment and 
social aspects. 
 
Figure ‎5.20: Final evaluation of environmentally-friendly dredging technique 
The third option will be the trailing suction dredger which can be used as the best choice 
when the conditions compels the decision maker to use special type to transport the extracted 
material without using transport vessels. The trailing suction dredger can also be used in case 
of the importance of social and environmental aspects whatever the overall cost in this 
situation come to be, because it is the most developed dredger as compared to others. 
This evaluation shows that the worst type is a backhoe dredger because it has high overall 
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projects but it can be used in some special cases when the material is much consolidated 
which easily cutting by bucket digging when the depth is very small. 
The result of the evaluation shows that the suction dredger and bucket ladder dredger are the 
best choices in case of hydraulic or mechanical types in normal conditions. In addition, the 
trailing suction dredger is the second choice in normal and special conditions. The result is 
obtained after comparing all types in case of performance, characteristics, working depth, soil 
types and project area.             
5.3 The comparison between theoretical and empirical methods 
The two evaluation results are calculated from the theoretical and empirical methods. The 
first method depends on mathematical and statistical calculations called Fuzzy evaluation 
method. The final results are shown in table 5.8 and figure 5.5. The second method is based 
on actual data from case study and is called accounting method. The final result is shown in 
figure 5.20. So the comparison between the two different results can be useful to approve or 
support any of them. Also they help the scientist to improve each of them. 
The theoretical and imperial evaluation results are illustrated in figure 5.21. The figures 
contain two Y axes. The left hand side relates to accounting methods and the right hand side 
relates to Fuzzy method. Also, the conclusion from this comparison concern only with the 
trend of the graph and the final results are evaluation results. 
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Figure 5.21 shows that there are differences between two graphs especially in grab and the 
dipper dredger which results from the Fuzzy method. This method depends on theoretical 
data from literature review and equipment catalogues. So it cannot be trusted like other 
method related to case study.   
The SD and BLD will be applied in the chosen case study of extracting the placer deposits 
and black sand from under water deposits along of Mediterranean coast of Egypt. These two 
types will be used to estimate different approaches by applying a new idea for treatment of 
the material in the dredging area and using some precautions to decrease the environmental 
effects. There are other technique described in the next chapter. 




6 Estimation of New Dredging Approaches 
6.1 Combine the floating processing unit with SD and BLD using turbidity 
curtain and backfill tube 
As mentioned before, the extraction material is black sand which contains about 10 to 20 % 
of the important heavy minerals. The rest is 80% of gangue minerals or normal sand. 
Therefore, the idea was evolved for separating the heavy mineral after excavation of deposit 
and later on transporting only the valuable mineral to the beach. The gangue minerals will be 
disposed of on the seafloor by using an environment-friendly technique.  
Some of the heavy minerals in black sand have magnetic properties, for example magnetite, 
Ilmenite and Rutile. Therefore, it is easy to separate them by using a magnetic separator 
device. The other minerals such as zircon and monazite have electrical properties which can 
be separated by using electrical separator devices. Therefore, the treatment unit will be 
connected with the side of the dredger by belt conveyor to transport the extracted material 
into it. 
After the separation process, the valuable minerals will be transported into a transport vessel 
using a belt conveyor. The gangue minerals will also be transported into the disposal shaft. 
The disposal shaft is the movable pipeline shaft connecting the side of treatment unit and is 
installed in vertical direction. The process will begin above sea level and will end on seabed 
as shown in figure 6.1. The main purpose of this disposal shaft restricts the turbidity cases by 
disposing the gangue material onto seafloor which take time for settlement. The figure 6.1(a) 
will be reversed to figure 6.1(b) when changing the direction of dredging. 
Other precautions should be used to avoid or reduce the turbidity and suspended material 
which is the most important environmental problem. The design will isolate the excavation 
area from the surrounding marine area and reduce the turbidity and suspended material 
resulting from the extraction, to about 70 %, see figure 6.2. 
This new application in the figures 6.1 and 6.2 will be applied in the same conditions and 
output rate at the case study in chapter 4. Then the final result will be recalculated, related to 
the new design and reevaluate all dredgers types with the new calculation of bucket ladder 
and suction dredgers which can be described as environmentally, economically and socially 
friendly dredging technique.     





Figure ‎6.1: Flowchart of new dredging application of extraction, treatment, disposal of gangue and 
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Figure ‎6.2: New design for isolate the excavation area from surrounding water 
6.1.1 Calculation of suction dredger 
The annual output of suction dredger is calculated as follows:  
𝑄𝑦 = 1090 t h × 24 h × 300 day ≈ 7.5 million t/y  
The economic minerals will be = 0.2 × 7.5 = 1.5 million t/y and the gangue minerals will be 
the rest 6 million t/y which will be disposal into disposal shaft to return back to seafloor. This 
new data will change the environmental and economical factors. 
Number and cost of the hopper: To calculate the number of hopper vessels needs for 
transportation, the loading, sailing and dumping time must be calculated as the following: 
The loading time was calculated as dividing hopper capacity by the output of the economic 
minerals which equal = 2000 / (0.2 × 1020) = 10 h and the dumping time can be assumed as 2 
h. Then the total sailing time = 3.2 h 
Number of hopper needed = total cycle time / loading time = 16 / 10 ≈ 2 hopper.    
Then the costs of vessels = 2890000 × 2 = 5780000 € 
The costs / week = 5780000 / (25×52) = 4446 €/week 
The Maintenance and repair = 3468 × 2 = 6936 €/week 
Hopper vessels costs = 4446 + 6936 = 11382 €/week and D+I = 6156 × 2 = 12312 €/week 
Cost of fuel and lubricants: Total working hour of dredger per week = 168 h and the total 
working hour of one hopper vessel per week = 168 / 4 = 42 h 
Liters / week = 0.182 × 1.34 (168 × 2000 + 2 × 42 × 750) ≈ 97308 liters 




Then the costs of fuel and lubricants = 97308 and 9730 €/week    
Overhead cost: The overall costs equal to 
18120 + 2173 + 11382 + 97308+ 9730 + 73200 = 211913 €/week 
Overhead cost = 211913 × 0.09 = 19072 €/week 
Final costs = 211913 + 19072 = 230985 €/week 
Final (D+I) = 30813 + 1793 + 12312 = 44918 €/week 
Turbidity: The turbidity equal to 100 mg/l but after using the new technique of isolation the 
dredging area the turbidity will reduced to 30 mg/l.   
Gases emission and cumulative energy used: The final emissions see table 6.1. 
Table ‎6.1: The emissions of CO2, SO2 and CEI equivalent from SD. 
SD CO2 eq SO2 eq CEU eq 
Emission of 3017 ton steel /20year 4676.35 t 14.7833 t 60340000 MJ 
Emission of 93 ton plastic /20 year 227.85 t 1.023 t 7254000 MJ 
Emission of material /year 245210 kg/y 790 kg/y 3379700 MJ/y 
Diesel consumption /year  4170343 l/y 
Emission of diesel /year 12969766 kg/y 120940 kg/y 166813720 MJ/y 
Total emission /year 13214976 kg/y 121737 kg/y 170193420 MJ/y 
Output /year 7300000  t/y 
Total emission /ton ore 1810 g/t 16.7 g/t 6.3 kWh/t 
Summary of suction dredger 
Finally, there are many other factors which are calculated in chapter 4 and did not change. So 
that table 6.2 contents the new calculation factors.   
Table ‎6.2: The final new calculation of SD. 
SD Unit  Value  
CO2 eq.   g/t ore 1810 
SO2 eq. g/t ore 16.7 
CEU     kWh/t 6.3 
Overall costs €/week 230985 
D+I €/week 44918 
Turbidity  mg/l 30 




6.1.2 Calculation of bucket ladder dredger 
The annual output of bucket ladder dredger is calculated as follows:  
𝑄𝑦 = 855 t h × 24 h × 300 day ≈ 6.15 million t/y  
The economic minerals will be about = 0.2 × 6.15 = 1.23 million t/y and the gangue minerals 
will be the rest 4.92 million t/y which will be disposed into the disposal shaft to return back 
to seafloor.  
Number and cost of the hopper: The costs of vessels = 2890000 × 2 = 5780000 € 
The costs / week = 5780000 / (25×52) = 4446 €/week 
The Maintenance and repair = 3468 × 2 = 6936 €/week 
The cost of hopper vessels = 4446 + 6936 = 11382 €/week 
D+I = 6156 × 2 = 12312 €/week 
Cost of fuel and lubricants:   0.182 × 1.34 (168 × 600 + 2 × 42 × 750) ≈ 39947 liters 
Then the costs of fuel and lubricants = 39947 and 3994 €/week    
Overhead cost:  = 22351+ 2173 + 17073 + 39947 + 3994 + 44800 = 130338 €/week 
Overhead cost = 130338 × 0.09 = 11730 €/week 
Final costs = 130338 + 11730 = 142068 €/week 
Final D+I = 32428 + 1793 + 12312 = 46533 €/week 
Gases emission and cumulative energy used: The emission is illustrated in table 6.3. 
Table ‎6.3: The emissions of CO2, SO2 and CEI equivalent from BLD. 
SD CO2 eq SO2 eq CEU eq 
Emission of 3017 ton steel /20year 4676.35 t 14.7833 t 60340000 MJ 
Emission of 93 ton plastic /20 year 227.85 t 1.023 t 7254000 MJ 
Emission of material /year 245210 kg/y 790 kg/y 3379700 MJ/y 
Diesel consumption /year 1712014 l/y 
Emission of diesel /year 5324363 kg/y 49648 kg/y 68480560 MJ/y 
Total emission /year 5569573 kg/y 50438 kg/y 71860260 MJ/y 
Output /year 7300000  t/y 
Total emission /ton ore 763 g/t 7 g/t 2.7 kWh/t 




Turbidity: The turbidity equal to 1000 mg/l but after using the new technique of isolation the 
dredging area the turbidity will reduced to 300 mg/l.   
Summary of suction dredger 
Finally, there are many other factors which are calculated in chapter 4 and did not change. So 
that table 6.4 contents the new calculation factors   
Table ‎6.4: The final new calculation of BLD. 
BLD Unit  Value  
CO2 eq. g/t ore 763 
SO2 eq. g/t ore 7 
CEU     kWh/t 2.7 
Overall costs €/week 142068 
D+I €/week 46533 
Turbidity  mg/l 300 
6.1.3 Recalculation of the accounting method 
The final data of all environmental, economical and social aspects after the new calculation 
of suction and bucket ladder dredgers will be the basic information and data necessary for 
applying in the accounting method, see table 6.5. 
Calculation of the environmental accounting method 
The results of environmental calculation are illustrated in table 6.6 after focusing on all the 
effects. Each effect plays an important role in this evaluation process that cannot be ignored 
to obtain the final evaluation, see figure 6.3. 
Figure 6.3 shows that the suction and bucket ladder dredger are the most environmental-
friendly techniques. This is because of their highest scaling. The trailing suction dredger 
comes in the second place with high difference scales. The comparison of environmental 
evaluation before and after the new calculation is shown in figure 6.4. It shows the increasing 
distance between them and the rest of dredgers, after applying the new calculation. This 
means that the new idea is successful to find the most environmental-friendly dredging 
technique. 




Table ‎6.5: The results of all aspects from the case study and the new calculation 
1-Environmntal aspects TSHD BWD SD GD BHD DD BLD 
CO2 eq. (g/t ore) 2547 3784  1810 2295  2700  2395  763 
SO2 eq.  (g/t ore) 23.5 35 16.7 21 24.9 22 7 
CEU   (KWh/t) 9.1 13.5 6.3 8.2 9.6 8.6 2.7 
Noise  (dB) 100 115 60 90 100 100 115 
Turbidity (mg/l) 150 250  30 750 530 900 300 
Accuracy   (cm)  20 10 15 40 10 50 10 
2-Economical aspects  
Overall costs (€/week) 305276 440325 230985 245590 362681 245590 142068 
D+I  (€/week) 98112 89858 44918 35717 154501 35717 52689 
Losses  ( M. ton) 9 4.5 6.75 18 4.5 22.5 4.5 
3-Social    aspects  
Safety of crew (%)  90 80 80 50 50 50 50 
Marine traffic (%) 80 70 70 60 70 60 70 
No of workers(No) 80 168 120 108 108 108 84 
    
Table ‎6.6: Evaluation of environmental effects according to all types of effects 
Environmental 
aspect 
Wt TSHD BWD SD GD BHD DD BLD 
CO2 eq.  15 4.5 3 6.3 4.99 4.24 4.78 15 
SO2 eq.   15 4. 5 3 6.2 5 4.27 4.8 15 
CEU    15 4.4 3 6.4 4.94 4.22 4.7 15 
Noise    10 6 5.22 10 6.67 6 6 5.2 
Turbidity   35 7 4.2 35 1.4 1.98 1.2 3.5 
Accuracy   10 5 10 6.67 2.5 10 2 10 
Sum (ranking) 100 31.4 28.4 70.7 25.5 30.6 23.4 63.7 
Scaling 100 44.4 40.2 100 36.1 43.4 33.1 90.1 
 





Figure ‎6.3: The new evaluation of environmental effects a cording to new idea 
 
Figure ‎6.4: The comparison of environmental evaluation before and after the new idea 
Calculation of the economical accounting method 
The results are illustrated in the table 6.7 by taking into account all effects and by focusing on 
overall costs illustrated in figure 6.5. 
Figure 6.5 shows that the bucket ladder and suction types have the highest scaling between 
mechanical and hydraulic dredgers due to the overall costs. This result is completely different 
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the new calculation is illustrated in figure 6.6.It shows that the suction dredger rose up to 
second place and the rest of dredgers dropped. This new idea was successful to find the most 
economical dredging technique. 
Table ‎6.7: Economical evaluation according to all effects focusing on overall costs 
Economic 
aspects 
Wt TSHD BWD SD GD BHD DD BLD 
Overall costs 60 27.92 19.36 36.9 34.7 23.5 34.7 60 
D+I 30 10.92 11.92 23.85 30 6.93 30 23 
Losses 10 5 10 6.67 2.5 10 2 10 
Sum (ranking) 100 43.84 41.3 67.42 67.21 40.44 66.71 93.03 
Scaling 100 47.1 44.38 72.48 72.25 43.47 71.71 100 
 
 
Figure ‎6.5: The new evaluation of economical effects a cording to new idea 
Calculation the final evaluation  
The final evaluation can be calculated as shown in figure 6.7. The suction dredger takes the 
first place of evaluation which means that it is the most environmental friendly dredging 


























first place with the suction dredger in case of mechanical dredgers when looking to the 
supper results of economical evaluation and normal results of environmental and social 
evaluations.  
 
Figure ‎6.6: The comparison of economical evaluation before and after the new idea 
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The bucket dredger is the best choice for mining companies which take care of the economic, 
environmental and social aspects after taking into account the different percussions for 
decreasing the turbidity and using the disposal shaft in case of disposing the gangue 
materials. The third option will be the trailing suction dredger but with high difference scale 
between the suction dredger and this one. The trailing suction dredger can also be used in 
case of the importance of social and environmental aspects whatever the overall cost in this 
situation because it is the most developed dredger as compared to the others. 
The comparison between the old and new technique is shown in figure 6.8. It presents the 
difference that occurs in all the results. By applying this idea the results of the two types of 
suction and bucket ladder dredgers increases. Also, the distance between them and the other 
types of dredgers increases. This means that the new technique improves the dredger to be 
described as environmental-friendly and economical dredging technique. 
 
Figure ‎6.8: The comparison of evaluation technique before and after the new idea 
6.2 Use of pipeline transport in SD 
As mentioned before, there are two working areas each having a length of 30 km. The idea is 
used for the dredger type which can transport the material to a certain distance without using 
any extra power such as suction dredger. The suction power which is used for extracting sand 
from underwater floor to the surface can transport the material to a distance of 2 km 















After new idea before new idea




equipments (hopper vessels) and to divide the working area into 10 stages; each 3 km long as 
shown in figure 6.9. 
If the life of the mine is 15 years and there are two working area, then each working area lasts 
7.5 year which means that the stage life is 0.75 year (9 months). Then the disposal area will 
change with change the stage as shown in figure 6.9. The treatment unit will be designed as a 
movable unit which can be transported to different places without any problem.  
In this method the costs of transport will be neglected and the environmental effect will be a 
voidable. This is because section dredger is the best type in case of environment especially 
losses for loading and dumping. All the different results related to the costs and the 
environment must be calculated and compared with other dredgers types.             
 
Figure ‎6.9: Using suction power for transport the material through the floating pipeline 
6.2.1 Calculation of the suction technique with pipeline transport 
The annual output of SD    𝑄𝑦  ≈ 7.5 million t/y 
Cost of dredger:  𝑪𝒐𝒔𝒕𝒔 𝒐𝒇 𝑪𝑫 ≈ 𝟏𝟖𝟏𝟐𝟎  €/𝒘𝒆𝒆𝒌      𝒂𝒏𝒅     𝑫 + 𝑰 = 𝟑𝟎𝟖𝟏𝟑 €/𝒘𝒆𝒆𝒌 
Tugboat costs:         Tugboat cost = 2173 €/week   and   D+I = 1793 €/week                
Cost of fuel and lubricants:   0.182 × 1.34 (168 × 2000) ≈ 81944 liters /week 
The costs of fuel and lubricants = 81944 and 8194 €/week.        
Overhead cost: Overall costs = 18120 + 2173 + 81944 + 8194 + 29550 = 139981 €/week 
Overhead cost = 139981 × 0.09 = 12599 €/week 
Final costs = 139981 + 12599 = 152580 €/week 










Stage 2 Stage 1 
1.5 km 1.5 km 1.5 km 1.5 km 




Cost of crew  
Position Number  Week rate  Cost per week 
Captains 1 × 1000 = 1000 
Assistant 1 × 800 = 800 
Eng. mechanical 1 × 650 = 650 
Eng. electrical 1 × 650 = 650 
Eng. electronic 1 × 650 = 650 
Operators 6 × 650 = 3900 
Winch man 2 × 400 = 800 
Welders 1 × 400 = 400 
Deckhands 1 × 400 = 400 
Cooks 2 × 300 = 600 
Total    = 9850‎€/week 
Then the total cost for 4 crews to work 3 shift per day = 29550 €/week  
Gases emission and cumulative energy used     
Table ‎6.8: The emissions of CO2, SO2 and CEU equivalent from SD. 
SD CO2 eq SO2 eq CEU eq 
Emission of 3017 ton steel /20year 4676.35 t 14.7833 t 60340000 MJ 
Emission of 93 ton plastic /20 year 227.85 t 1.023 t 7254000 MJ 
Emission of material /year 245210 kg/y 790 kg/y 3379700 MJ/y 
Diesel consumption /year 3511886  l/y 
Emission of diesel /year 10921965 kg/y 101845 kg/y 140475440 MJ/y 
Total emission /year 11167175 kg/y 102635 kg/y 143855140 MJ/y 
Output /year 7300000  t/y 
Total emission /ton ore 1530 g/t 14 g/t 5.5 kWh/t 
Turbidity: The turbidity will be equal to 30 mg/l after using turbidity curtain technique.  
Marine traffic: SD is the medium obstruction to maritime navigation. So it can be classified 
as a very good dredger for marine traffic.  




Summary of suction dredger 
Table ‎6.9: The final calculation of SD type. 
SD Unit  Value  
CO2 eq.   g/t ore 1530 
SO2 eq. g/t ore 14 
CEU     kWh/t 5.5 
Overall costs €/week 152580 
D+I €/week 32606 
Turbidity  mg/l 30 
marine traffic Rank  Very good  
6.2.2 Recalculation of accounting method 
The final data of all environmental, economical and social aspects after the new calculation 
of suction dredger are shown in table 6.10. 
Table ‎6.10: The results of all aspects from the case study and the new calculation 
1-Environmntal aspects TSHD BWD SD GD BHD DD BLD 
CO2 eq. (g/t ore) 2547 3784  1530 2295  2700  2395  1572  
SO2 eq.  (g/t ore) 23.5 35 14 21 24.9 22 14.4 
CEU   (KWh/t) 9.1 13.5 5.5 8.2 9.6 8.6 5.6 
Noise  (dB) 100 115 60 90 100 100 115 
Turbidity (mg/l) 150 250  30 750 530 900 1000 
Accuracy   (cm)  20 10 15 40 10 50 10 
2-Economical aspects  
Overall costs (€/week) 305276 440325 152580 245590 362681 245590 180312 
D+I       (€/week) 98112 89858 32606 35717 154501 35717 52689 
Losses        ( M. ton) 9 4.5 6.75 18 4.5 22.5 4.5 
3-Social    aspects  
Safety of crew (%)  90 80 80 50 50 50 50 
Marine traffic (%) 80 70 80 60 70 60 70 




Calculation of environmental accounting method 
The results of environmental calculation are illustrated in table 6.11.  
Table ‎6.11: The new evaluation of environmental effects according to second technique 
Environmental 
aspect 
Wt TSHD BWD SD GD BHD DD BLD 
CO2 eq.  15 9 6 15 10 8.5 9.6 14.6 
SO2 eq.   15 8.9 6 15 10 8.4 9.5 14.6 
CEU    15 9 6 15 10 8.6 9.6 14.7 
Noise    10 6 5.2 10 6. 7 6 6 5.2 
Turbidity   35 7 4.2 35 1.4 2 1.2 1 
Accuracy   10 5 10 6. 7 2.5 10 2 10 
Sum (ranking) 100 45 37.6 96. 7 40.6 43.5 37.9 60 
Scaling 100 46.5 38.9 100 42 45 39 62.3 
Figure 6.10 shows that suction dredger is the most environment-friendly technique because of 
its highest scaling. It is far away from the second type bucket ladder dredger which has the 
second place of evaluation. The figure 6.11 shows the comparison of the environmental 
evaluation before and after applying this technique. Also, it shows the drop that occurred 
between the suction dredger and the rest of dredgers. It means that, this technique is the most 
environment-friendly dredging technique. 
 



























Figure ‎6.11: The comparison of environmental evaluation before and after the second technique 
Calculation of the economical accounting method 
The results are illustrated in the table 6.12  
Table ‎6.12: Economical evaluation according to all effects focusing on overall costs 
Economic 
aspects 
Wt TSHD BWD SD GD BHD DD BLD 
Overall costs 60 30 20.8 60 37.3 25.2 37.3 50.8 
D+I 30 10 10.9 30 27.4 6.3 27.4 18.6 
Losses 10 5 10 6. 7 2.5 10 2 10 
Sum (ranking) 100 44.9 41. 7 96. 7 67 41.6 66. 7 79.3 
Scaling 100 46.5 43 100 69.5 43 69 82 
Figure 6.12 shows that the suction dredger has the highest scaling of both the mechanical and 
hydraulic dredgers which is due to the decrease of the overall costs by using the power of 
suction in transporting the extracted materials to the dumping area on the beach.     
The comparison between the two results before and after applying the second technique is 
shown in figure 6.13. The suction dredger raised up to get the first place and the rest of 
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Figure ‎6.12: The new evaluation of economical effects a cording to second technique 
 
Figure ‎6.13: The comparison of economical evaluation before and after the second technique 
Calculation of the final evaluation  
Figure 6.14 shows that the suction dredger has the first place of evaluation. It means that it is 
the most environmental-friendly dredging technique. The second place goes to the bucket 
ladder dredger. Therefore the suction dredger is the best choice in case of economic, 
environment and social aspects after taking into account the different percussions for 
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Figure ‎6.14: Final evaluation of dredging technique after using the second technique 
Figure 6.15 show the difference happen before and after the technique which show the 
suction dredger technique in the top and almost the only type could be described as 
environmentally-friendly and economically dredging technique. 
 
Figure ‎6.15: The comparison of evaluation technique before and after the second technique. 
6.3 New dredging technique 
This new technique will be consists of suction dredger with pipeline transport and underwater 
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the suction dredger which uses the pressure of the suction for sucking the material from 
seafloor and moving it inside the treatment unit and passing it through the two separators 
under the same pressure of suction power, which can be described below.   
 
Figure ‎6.16: Underwater processing unit operates by using the suction power of suction dredger. 
This processing unit will be designed as closed tube containing the magnetic and electric 
separator in the middle having one inlet and two outlets. The material will enter into the inlet 
and pass through two different separators under suction power. The first one separate the 
material into magnetic mineral which goes to the suction mouth and the non magnetic 
minerals pass on the second separator. This separator will separate the material into electric 
mineral which goes to the suction mouth and the gangue mineral goes to the seafloor. Finally 
only the economic mineral will be transport into the beach, see figure 6.17.               
 
Figure ‎6.17: Composition and method of operation of underwater processing unit. 
Suction inlet of the 
processing unit 
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The new technique is suitable for further future work. This technique will open large 
prospects for future work such as the developments in different separation tools to adapt the 
work underwater and apply the new design of underwater processing tube. Also, the suction 






7  Conclusions  
In the context of the underwater mining or dredging, spectacular innovations have taken place 
during the last 15 years. Today, a completely new range of dredging equipments has been 
developed. The design of these new equipments is based on existing technology and takes 
into account the overall goal of improving the performance of the equipment with regard to 
the criteria that are critical to an ecologically sensitive task.  
These developments have led to a large number of new innovative systems and equipment 
being installed on board. Several improvements are described and discussed through this 
work, especially those which are designed to reduce the environmental impact of dredging 
equipment.  
It has to be emphasized that the materials cannot be produced without emissions, and without 
energy consumption. Therefore, the methodology of extraction and the type of machine must 
be known and classified in term of environment-friendly technique. Nevertheless, the 
technical, economic and ecological aspects must be considered.  
The description of underwater mining techniques and different ways of evaluating the 
dredging equipments in term of environmental, economic and social aspects were presented. 
Also, this work presents two different ways of evaluation such as mathematical statistical 
analyses using the modern mathematics fuzzy method and mathematical accounting using the 
information from the Egyptian case study. Therefore, the most environment-friendly dredging 
techniques by taking into account the economical and social points of views were established. 
The final evaluation was obtained from the comparison between all types in case of 
performance, characteristics, working depth, soil types and project area. The comparison 
shows that the suction and bucket ladder dredger are the best choices in case of hydraulic or 
mechanical types in normal conditions. Also, this work presents two different new 
environmental and economical techniques for extracting the underwater placer deposits, 
which occur along the Egyptian Mediterranean coast.  
The first technique is linked to the floating processing unit with the dredger by conveyor belt. 
The extracted material will be transported into the unit by this belt conveyor to carry out the 
separation process. The valuable minerals will be transported by vessel. The gangue minerals 





the side of the treatment unit. The main purpose of this disposal shaft is restrict ing the 
turbidity cases by disposing the gangue material to seafloor which takes time for settlement.  
The second technique uses the dredger type which can transport the material to a certain 
distance without using any extra power, such as suction dredger. The suction power used for 
sand extraction from the underwater floor to the surface can be used to transport the material 
to a distance of 2 km depending on the power of suction. Therefore, the vessel of transport is 
neglected and the working area is divided into 10 stages. This technique can only be used for 
suction dredger which have enough suction power and have pipeline outlet.    
Finally there are many developments and innovation techniques which must be studied in 
order to determine the environment-friendly dredging techniques. The main future research 
will be applying the new technique of combining the suction dredger and the mobile 
processing unit to operate underwater and move on the sea floor. This processing unit will be 
connected to the suction mouth of the suction dredger which uses the pressure for sucking the 
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The database GEMIS (Global Emission Model for Integrated Systems) is the entire life cycle 
of the primary energy and raw materials to use presented and include the auxiliary energy 
sources and the cost of materials for manufacturing of plants and the disposal of a. From this 
database data are available for the diesel supply, electricity supply, metal production and 
plastic production available, which are included in each degradation system. The combustion 
gases are in effect estimating the impact categories assigned. The GEMIS database, the 
following impact categories and Environmental indicators considered 
-Global warming potential (GWP) 
- Acidification (AP) 
- Ozone formation (TOPP) 
Global warming potential (GWP) is the mass-based equivalent of the greenhouse effect of 
greenhouse gases (GHGs), based on the "lead" of CO2 gas. Therefore, it is expressed in CO2 
equivalents. The THP is bound by the action of GHGs and their characteristics different 
atmospheric residence times at a specific time period (usual THP data for 100 years). 
Acidification Potential (acidification potential - AP) is the result of the aggregation of 
acidifying air pollutants, expressed as a mass-based SO2 equivalents. It is one of the most 
important environmental indicators. SO2 is equivalent to the quantitative expression of the 
acidification potential, based on the "lead" gas SO2. Going to the equivalent of SO2 addition, 
the SO2 air pollutants NOx, HCl, HF, NH3 and H2S. 
Ozone formation potential in the GEMIS-ended equivalent of the formation of ground level 
(tropospheric) ozone from precursors, which are responsible for the ground-level O3 
formation and thus contribute to summer smog. It is stated in tropospheric ozone precursor 
equivalents (TOPP). Tropospheric ozone precursor equivalents are the quantitative 
expression of the ground-level ozone formation potential, and are formed from the relative 
ozone formation rate of the air pollutants CO, NMVOC and NOx as well as the greenhouse 
gas CH4. The greater the amount of tropospheric ozone precursor equivalents, the higher the 
risk of summer smog.  
In GEMIS is due to poor data availability, especially to the P-emissions, yet no integrated 
eutrophication. Eutrophication (nutritional potential - NP) is a measure of the potential 





accelerates the depletion of dissolved oxygen. As eutrophying pollutants are N, P, phosphate 
(PO4), ammonium (NH4 +), NOx and nitrate (NO3) and chemical oxygen demand (COD). 
The cumulative energy demand (CED) is defined mainly by the VDI 4600th He describes the 
total energy expenditure, in connection with the manufacture (Keah), use (KEAN) and 
disposal (KEAE) of an object is set, and from the proportions, as in equation (2.5) shows up: 
KEA = KEAH+KEAN+KEAE 
Unfortunately from this is the source of primary energy is not immediately obvious. It is 
therefore considered in GEMIS the so-called "Federal Environment Agency Method" in the 
designation of KEA. Accordingly, in addition to the total CED individual Subsets 
determined. The GEMIS database there should be as follows: 
KEAnot renewable = sum of non-renewable fossil and nuclear primary energy 
KEA renewable = sum of the renewable renewable energy 
CED other = sum of the energy used residuals 
KEAT = sum total of all components 
Furthermore, the calculation of the CED in GEMIS on the basis of 100% - usually, that is, in 
the extraction of fossil fuels and the use of renewable energies are taken from the source is 
always 100% of primary energy. According to VDI guideline 4600 would the wind turbines 















In GEMIS werden aus den Ergebnissen der Emissionen drei aggregierte Äquivalente 
berechnet: 
SO2-Äquivalente 
Die SO2-Äquivalente sind ein Maß für das Versauerungspotenzial (acidification potential = 
AP) und werden über die Molekulargewichte und das Bindungspotential für Protonen der 
jeweiligen Emission errechnet (per Definition ist für SO2 das AP = 1). Für die anderen 
Luftschadstoffe gelten folgende AP: 
Schadstoff      AP 
NOx             0.696 
HF               1.601 
HCl             0.878 
H2S             0.983 
NH3            3.762 
Das APÄqui ergibt sich aus Σ (ei * APi) 
ei : Masse der Emission i in [kg] 
APi : Versauerungspotenzial der Emission i, in [kg/kg] 
Die APi sind in GEMIS fest vorgegeben und können nicht geändert werden. 
CO2-Äquivalente 
Zur Berechnung der CO2-Äquivalente von Treibhausgasen (THG) werden massebezogene, 
relative Treibhauspotenziale (THP) verwendet, die für jedes THG angeben, welcher 
äquivalenten Menge von CO2 seine Treibhauswirkung entspricht. 
Schadstoff    THP 
CH4               23 
N2O              296 
Die CO2-Äquivalente aller THG werden wie folgt berechnet: 
THPÄqui = Σ (ei * THPi) 
ei : Masse des THG i in [kg] 
THPi : Treibhauspotenzial der Emission i, in [kg/kg] 






Berechnet werden relative bodennahe Ozon-Vorläufer Potenziale (tropospheric ozone 
precursor potentials TOPP), nach European Environment Agency: Environmental signals 
2000 - regular indicator report, Kopenhagen 2000: 
Schadstoff      TOPP 
NOx                 1.220 
NMVOC          1.000 
CO                    0.110 
CH4                  0.014 
Das TOPPÄqui ergibt sich als Σ (ei * TOPPi) 
ei : Masse der Emission i in [kg] 
TOPPi : Ozon-Vorläufer-Potenzial der Emission i, in [kg/kg] 









Determination of the Fuzzy-assessment matrix 
The relationship between the factor Uim, (i = 1, 2, 3, 4) and the assessment amount represent 
the Fuzzy membership rimj and the total valuation matrix R, for each assessment object is 
determined as formula 1: 
𝑅𝑖 =  
𝑟𝑖11 𝑟𝑖12 ⋯ 𝑟𝑖1𝑛
𝑟𝑖21 𝑟𝑖22 ⋯ 𝑟𝑖2𝑛
⋮
𝑟𝑖𝑚1




  , 𝑖 =   1,2,… ,4 ,  𝑛 = 4       … 1  
Because the evaluation factors were of their own characteristics or extensity, and each data of 
factors had its own dimension and distribution, it was difficult to directly compare or operate. 
As results, the original data of evaluation factors should be dimensionless by range 
transformation. Furthermore, evaluation factors had positive and negative interrelation to this 
evaluation. So the functions from 2 to 5 must be used in case of positive indicators (Wang, 
1992). 
𝑟𝑖𝑚1 = 𝜇𝑖𝑚1  𝑢 =   
0
 𝑢 − 𝑎1 𝑎2 
1
                             
𝑢 < 𝑎1
𝑎1 ≤ 𝑢 <  𝑎2
𝑢 ≥ 𝑎2
                  … 2   
𝑟𝑖𝑚2 = 𝜇𝑖𝑚2  𝑢 =   
0
 𝑢 − 𝑎1 (𝑎2 
0.4
 − 𝑎1)              
𝑢 < 𝑎1
𝑎1 ≤ 𝑢 <  𝑎2 
𝑢 ≥ 𝑎2
                … 3  
𝑟𝑖𝑚3 = 𝜇𝑖𝑚3  𝑢 =   
0.4
 𝑎2 − 𝑢 (𝑎2 
0
 − 𝑎1)              
𝑢 < 𝑎1
𝑎1 ≤ 𝑢 <  𝑎2
𝑢 ≥ 𝑎2
                 … 4  
𝑟𝑖𝑚4 = 𝜇𝑖𝑚4  𝑢 =   
1
 𝑎2 − 𝑢 𝑎2 
0
                             
𝑢 < 𝑎1
𝑎1 ≤ 𝑢 <  𝑎2
𝑢 ≥ 𝑎2
               … 5  
Also the functions from 6 to 9 must be used in case of negative indicators (Wei, 1993) 
𝑟𝑖𝑚1 = 𝜇𝑖𝑚1  𝑢 =   
1
 𝑎2 − 𝑢 𝑎2 
0
                             
𝑢 < 𝑎1
𝑎1 ≤ 𝑢 <  𝑎2
𝑢 ≥ 𝑎2
                … 6   
𝑟𝑖𝑚2 = 𝜇𝑖𝑚2  𝑢 =   
0.4
 𝑎2 − 𝑢 (𝑎2 
0
 − 𝑎1)              
𝑢 < 𝑎1
𝑎1 ≤ 𝑢 <  𝑎2 
𝑢 ≥ 𝑎2





𝑟𝑖𝑚3 = 𝜇𝑖𝑚3  𝑢 =   
0
 𝑢 − 𝑎1 (𝑎2 
0.4
 − 𝑎1)              
𝑢 < 𝑎1
𝑎1 ≤ 𝑢 <  𝑎2
𝑢 ≥ 𝑎2
             … 8  
𝑟𝑖𝑚4 = 𝜇𝑖𝑚4  𝑢 =   
0
 𝑢 − 𝑎1 𝑎2 
1
                             
𝑢 < 𝑎1
𝑎1 ≤ 𝑢 <  𝑎2
𝑢 ≥ 𝑎2
            … 9  
Determination of the weighting factor (w) by using AHP method 
The weighting of each factor is the relative importance part in the theory of Fuzzy evaluation, 
because it has a major impact on the evaluation result. This may occur according to the 
weights often quite different conclusions in the assessment. The determination of the weights 
directly affects the validity of the assessment model (Jin, 1989). For general problems of 
evaluation, the researchers usually determine the weightings of the factors on their own 
experience and subjective assessment. This method has strong subjective characteristics. 
Ultimately, these methods can sometimes lead to wrong outcomes assessment, because their 
accuracy can be examined only in hindsight. As improvement to the method of subjective 
assessment, one can also often use the Delphi method (Xiong et.al. 2007) in determining the 
weights. But this method also shows weaknesses and the results are therefore also only of 
limited use. 
For the past years, the Analytic Hierarchy Process (AHP) found extensive use in the 
determination of the weighting. The AHP method was developed by EL Saaty 1973
rd
. It is a 
simple mathematical method that can trace a non-quantitative decision problem 
quantitatively. It is also a valid method, by which subjective assessments can be objectively 
demonstrated. Although this assessment mathematical method has an element of subjectivity, 
the determined weights can be improved by the logical statistical mathematics, so that 
subjective factors would be eliminated as possible. In addition, this method can avoid 
confusion and mistakes caused by the simultaneous determination of the weights for a large 
number of indicators, so that the accuracy of the assessment can be improved to a large 
extent. Thus, the AHP method is used here to determine the weightings of all assessment 
indicators. Its steps are shown below.  
In the first step, the goal and the sets of the evaluation factors must be layout. Then they are 
broken down into a coherent hierarchical structure. This step is the most important for the 
AHP method application. The hierarchical analysis structure is given in the figure 3.1. In the 
second step, the matrix of the pair wise comparison assessment is formed. After setting the 





wise, to form the matrix of comparative assessment. The AHP-Method is based on the 
assessment of the relative importance of an item over the others for each hierarchy level.  
The assessment requires a paired comparison of all elements over each hierarchical level, in 
which two elements of a plane will be evaluated with respect to the element on the upper 
level of the hierarchy. By introduction of the appropriate scale, this assessment can be 
expressed in numerical values. Then the evaluation matrix can be obtained. It is assumed that 
Ck, as a criterion, is an item on an upper level of the hierarchy. It has the elements A1, A2 ... 
Am over the lower hierarchy level. The assessment matrix that shows a pair comparison of the 
elements A1, A2 ... Am with respect to the criterion Ck can be represented as follows: 
Ck A1 A2 …. Am 
A1 a11 a12 …. a1m 
A2 a21 a22 …. a2m 
…. …. …. …. …. 
Am am1 am2 …. amm 
The above matrix can be rewritten in the following form: 
𝐴 =  
𝑎11  𝑎12    ⋯ 𝑎1𝑚
𝑎21 
⋯
𝑎22     ⋯




𝑎𝑚1  𝑎𝑚2   ⋯ 𝑎𝑚𝑚
                                                                     … 10 
Where (aij):  is intensity of the importance of the element Ai against the element Aj, with 
respect to Ck. The matrix A has the following characteristics: 
 𝑎𝑖𝑗  > 0 
 𝑎𝑖𝑗  =  
1
𝑎𝑗𝑖    𝑖 ≠ 𝑗  
 𝑎𝑖𝑖  = 1    𝑖 = 1,2,… . ,𝑚  
Generally, we can refer to the matrix, with the above properties, as the positive and negative 
matrix. If   aij × ajp = aip is valid for all i, j and p, this positive and negative matrix will be 
consistent. The matrix A has, in practice, not always the absolute consistency. Therefore, the 
consistency of the assessment matrix should be checked. 
To form the matrix A, the pair comparisons will be represented by the numbers that show the 





fundamental scale for paired comparison (Table B-1). This comparative scale is scaled from 1 
to 9 for the fairly human ability to differentiate. 




1 The same importance Two elements have the same meaning for the target 




An element is preferred over the other 
7 Much more important An item is significantly preferred over the other 
9 Very much more important The influence of an element on the other is greatest 
2, 4, 6, 8 Intermediate values If a compromise is necessary 
Reciprocal values 
If an element i, compared to the element j, has an assumed value from of the above scale, 
then the element j is assumed to be the reciprocal in comparison to element i. 
The self-comparison of an element, for example the comparison between A1 and A1, results in 
a value of 1, ie., all diagonal elements of the matrix of paired comparisons are indicated by 
the value 1. In the comparison of paired elements, the element in the left column of the 
matrix (the first element) compared with the item in the top row of the matrix (the second 
item), and if the second element is compared with the first element, the reciprocal is given. 
In the third step, the importance ranking must be calculated. To fix the order of importance of 
the evaluation factors, the relative importance of the elements of a certain hierarchical level 
should be calculated with respect to a member of the upper hierarchy level. For this, we must 
calculate the maximum eigenvalues and the eigenvector for the assessment matrix. This 
eigenvector is the importance ranking and the weight vector of valuation factors. Thus, a 
weighting of the evaluation factors is determined according to their significance. To obtain 
the eigenvector of the assessment matrix, the following procedure is applied: 
The multiplication result Mi of the elements of each row of the assessment matrix can be 
calculated according to the following formula: 




Then to calculating 𝑊𝑖       which is the root of Mi as the following formula: 
𝑊𝑖  =   𝑀𝑖
𝑚                                                                                                        … 12 





𝑊 =  𝑊1       , 𝑊2  ,     …… ,𝑊𝑚      
𝑇                                                                               …13 
𝑊𝑖  =  𝑊𝑖   𝑊𝑗
𝑚
𝑗=1
                                                                                        … 14 
Finally, the vector  𝑊 =  𝑊1 ,𝑊2 …… ,𝑊𝑚  
𝑇   will be both the eigenvector and the weight 
vector. Based on the corresponding pair-wise comparison matrix of A-B level, elements in a 
level of the hierarchy were compared related to single element at the level directly above and 
ranked by eigenvector of the matrix (Zhang, 2003). Calculate the eigenvalues of λmax as: 





                                                                                              … 15 
𝐴𝑊 =  
𝑎11  𝑎12    ⋯ 𝑎1𝑚
𝑎21 
⋯
𝑎22     ⋯




𝑎𝑚1 𝑎𝑚2  ⋯ 𝑎𝑚𝑚





                                             … 16 
Where W is the corresponding eigenvector of λmax and Wi (i=1, 2 . . . n) is the weight value 
for ranking. In the fourth step, the consistency of the assessment matrix is examined. The 
eigenvector obtained in the last step is the weighting vector. To what extent the weight 
distribution is reasonable, depends on the consistency satisfaction of the assessment matrix. 





  𝜆𝑚𝑎𝑥 − 𝑛                                                                                      … 17 
CR is the Consistency Ratio and CI the Consistency Index (Consistency). The closer the λmax 
value to n, the higher is the consistency of the assessment matrix. 
𝐶𝑅 = 𝐶𝐼 𝑅𝐼                                                                                                        … 18 
RI, the Random Consistency Index, is the average consistency value, based on the results of 
random controlled test examinations. These RI values are shown in Table (B-2). 
Table B-2: Random Consistency Index (RI) and consistency ratio calculation (Dong, 2006). 
Matrix order (n) 1 2 3 4 5 6 7 8 9 





The consistency ratio ≤ 10% (CR ≤ 0.1) is acceptable. If CR ≤ 0.1 then the assessment matrix 
has the satisfied consistency, and the weight distribution is reasonable. Otherwise it is 
advisable to make the pair comparison matrix again to improve the CR. 
Fuzzy model evaluation 
After constructing of the assessment matrix of the Fuzzy evaluation and determining the 
weighting of the evaluation factors and indicators in terms of their importance, the model of 
the Fuzzy evaluation can be established, it is as follows: 
𝐵𝑖 = 𝑊𝑖 × 𝑅𝑖 =  𝑏𝑖1 ,𝑏𝑖2 ,𝑏𝑖3 ,𝑏𝑖4             𝑖 = 1,2,… , 4                          … 19 
If    𝑏𝑖𝑗 ≠ 1   , then Bi should be normalized by the following method: 
𝑏𝑖𝑗 = 𝑏𝑖𝑗  𝑏𝑖𝑘
4
𝑘=1
         ,   𝑗 =  1,2,… ,4                                                     … 20 





                                                                                                          … 21 
If    𝑏𝑗  ≠ 1 , then B should be normalized according to the next formula: 
𝐵 = 𝑊 × 𝑅 =  𝑏1 ,𝑏2 , 𝑏3 ,𝑏4                                                                    … 22 
The evaluation result bj shows a degree, how far the evaluation object to the assessment class 
is evaluated. The assessment class, in accordance with the principle of maximum membership 
was decided, also the evaluation class regarding the maximum assessment membership bj, as 
the evaluation result must be selected (Yaon, 2005; Xiong et al., 2007). 
Evaluation model of Principal Component Analysis (PCA) 
In the evaluating system, we should not only assess the overall level for the aspects, which 
affects on the dredging operation, but also the vertical and horizontal comparison of all 
affiliated systems of the dredging industry should be performed.  
The principal component analysis, in short consists primarily of an orthogonal transformation 
of original variables into a set of new uncorrelated variables, called principal components 
(PC). These are linear combinations of original variables, where the statistician tries, with as 
few key components, to reproduce the variation of the original variables (He, 1989). The 





general, the main components have the following relationships to the original variables, and 
the PCA steps are as the following: 
 All major components are linear combinations of original variables. 
 The number of PC is much lower than that of the original variables. 
 The PC contains the most information of original variables. 
 All PC are, in turn, uncorrelated. 
Step 1: Treatment of the identical tending for the assessment indicators 
Some evaluation indicators are the negative indicators of the development. To simplify the 
valuation analysis, it is necessary to convert them into positive indicators. By this, we can 
replace the value of the original indicators by reciprocal values of the indicators. If the 
number of evaluation indicators and the number of sample data are given, we can obtain the 
matrix of the original data as: 
𝑋 =  
𝑥11  𝑥12    ⋯ 𝑥1𝑝
𝑥21 
⋯
𝑥22     ⋯ 




𝑥𝑛1 𝑥𝑛2   ⋯ 𝑥𝑛𝑝
                                                             … 23 
Step 2: standardization treatment of the original data 
To eliminate the difference in dimension between different variables, one must 




         𝑖 = 1,2,… , 𝑛 ;        𝑗 = 1,2,… , 𝑝                          … 24 
Where 𝑥𝑗  and σj are, respectively, the mean and standard deviation of the variables of the 







        , ,         𝜎𝑗 =  
1
𝑛 − 1




                           … 25   
Step 3: Determination of the correlation matrix R of the standardized data 





𝑅 =  
𝑟11 𝑟𝑖12 ⋯ 𝑟1𝑝
𝑟21 𝑟𝑖22 ⋯ 𝑟2𝑝
⋯ 
𝑟𝑝1




                                                                         … 26 
To simplify the calculation, the standardized data of the original data is still represented by X. 
The correlation coefficients of the standardized data, namely the elements of the matrix R are 







            𝑖, 𝑗 = 1,2,… ,𝑝                                           … 27 
Step 4: Eigenvalues and eigenvectors of the correlation matrix R 
By obtaining the eigenvalues of the correlation matrix R, the characteristic polynomial 
 𝑅 − 𝜆𝐼 = 0                                                                                                  … 28 
Where (I) is the identity matrix and (λ) are the eigenvalues. R has p eigenvalues λ1, λ2…λp, 
which are all different and are ordered in the form λ1> λ2> …..> λp ≥ 0 and indexed, as R is a 
symmetric matrix.  
The eigenvectors of R is resulting from the next formula:  
 𝑅 − 𝜆𝐼 𝑐 = 0                                                                                                 … 29 
The sought vectors (c) are the eigenvectors of the matrix R of the eigenvalues λ. They can be 
represented as follows: 
𝑐𝑗 =  𝑐𝑗1, 𝑐𝑗2 ,… , 𝑐𝑗𝑝  
΄
       ,  𝑗 = 1,2,… ,𝑝                                                … 30 
Then we can obtain the new variables as follows: 
 
𝑦1 = 𝑐11𝑥1 + 𝑐12𝑥2 + ⋯ + 𝑐1𝑝𝑥𝑝
𝑦2  = 𝑐21𝑥1 + 𝑐22𝑥2 + ⋯ + 𝑐2𝑝𝑥𝑝    …     …     …    …     …      …     …    …
𝑦𝑝 = 𝑐𝑝1𝑥1 + 𝑐𝑝2𝑥2 + ⋯ + 𝑐𝑝𝑝𝑥𝑝
                                                         … 31 
The new variables y1,y2,…yp, namely the PC are linear combinations of the original 
variables. They are determined one after another, with a decreasing importance, i. e. the first 
PC has the largest share of the total variation, the second PC has the next largest share, etc. 
Step 5: Calculation of the proportion (%) of the variance of all PC 
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            𝑚 = 1,2, … ,𝑝                                    … 33 
Step 6: Selection of the PC 
The objective of PCA is to generate, from a given amount of highly correlated variables x1, 
x2,…, xp, a smaller number of new variables y1,y2,…ym  (m <p), as linear combinations. So, 
we can choose m PC of p PC. Mostly, the accumulation portion of variance (%) of the m 












          ≥ 85%                                                   … 34 
Step 7: Calculation of the values of the selected PC and the total evaluation values 
If the standardized data, in the formula (3.34), are used, we obtain at first, values of the entire 
selected PC. Then the evaluation value of the evaluation object results from: 




The larger the F value, the higher is the level of development of the evaluation object. 
After the above steps, scores (ranks) of economic development F1, social development F2, 
environmental capacity F3 and sustainability of the resources F4, can be calculated. The 
overall level of development is given by: 
𝐹∗ =  𝑊𝑖𝐹𝑖
4
𝑖=1
                                                                                                 … 36 







Trailing suction hopper dredger TSHD    
The characteristics of trailing suction hopper dredgers are illustrated in the figure C-1 which 
has a many differences between each other, especially in the large dredger. The estimation of 
the output rate is calculated as the following: 
 
Figure C-1: Maximum dredging depth, pump power, laden speed, maximum draft and suction pipe 
diameter for trailing suction hopper dredgers (Bray, 1996) 
Estimating output 
The following input is required, or must be estimated: 
H : The maximum hopper capacity of the dredger (m
3
) for the soil type to be dredged; 
vg : The fully laden sailing speed of the dredger (knots); 
g     : The distance to the disposal site (kilometers); 
l : The length of the dredging area (kilometers); 
td : The time taken to discharge of the dredged material (hours); 
tt : The time taken to turn the dredger at each end of the dredging area (hours). 
The loading curves for different soil types are shown in figure C-2 which is relate to trailers 
working at the design depth. Time of loading will be increased when increasing the depths of 
dredging or when the drag head is obstructed. The graphs show the loading time, t1, against 






Figure C-2: Trailing suction hopper dredger: loading graphs, a) medium sand/very fine 
sands and consolidated silt; b) fine sand/coarse sand/fresh unconsolidated silt (Bray, 1996) 
By assuming that dredging is carried out at 2.0 knots, the number of turns, turning time, 
sailing time and total unproductive time are given by the following formals:  
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑢𝑟𝑛𝑠 =
3.91 × 𝑡1
𝑙
                                                             … 37 
𝑇𝑢𝑟𝑛𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 =
3.91 × 𝑡1 × 𝑡𝑡
𝑙




                                                                       … 39 
𝑈𝑛𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑒 𝑐𝑦𝑐𝑙𝑒 𝑡𝑖𝑚𝑒 =





+ 𝑡𝑑    … 40 
As shown in the figure C-2, the tangent point with the loading curve will touch at the loading 
time t1, also the hopper filling factor, fe, can be reading from the graph. Finally the maximum 


























𝑄 = 0.85 × 0.75 ×  0.85 × 0.85 × 447 = 205 𝑚3 𝑕   
𝑄 = 205 𝑚3 𝑕  × 5 𝑡 𝑚3 = 1025 t h  
Then the annual output of TSHD used can calculated as following 
𝑄𝑦 = 1025 t h × 24 h × 300 day ≈ 7.3 million t/y  
Calculations of economical aspects 
Cost of dredger:  The characteristic of the choosing dredger are illustrated in the table C-1.  
Table C-1: The characteristic of the choosing TSHD (Bray, 2009). 
Hopper    
volume         
m3 
Power of              
Suction pumps         
kW 
Power of Jet 
pumps       
kW 
Free sailing 
powe          
kW 
Value           
€ 
Value           
€/week 
(D+I)          
€ /week  
(M+R)          
€ /week 
3500 1550 760 4000 33600000 35897 98112 50515 
𝐶𝑜𝑠𝑡𝑠 𝑜𝑓 𝑇𝑆𝐻𝐷 = 𝑉𝑎𝑙𝑢𝑒/𝑤𝑒𝑒𝑘 +  𝑀 + 𝑅 = 35897 + 50500 ≈ 86397 €/week 
 𝐷 + 𝐼 = 98112 €/𝑤𝑒𝑒𝑘 
Cost of crew: The crew cost is depending on the position of every member and the economic 
conditions of the country, which the project takes place, so in the following calculation the 
weekly rats of every member of crew was assumed. 
 
Position Number  Week rate  Cost per week 
Captains 1 × 1000 = 1000 
Assistant 1 × 800 = 800 
Eng. Mechanical 1 × 650 = 650 
Eng. Electrical 1 × 650 = 650 
Eng. Electronic 1 × 650 = 650 
Operators 7 × 650 = 4550 
Winch man 4 × 400 = 1600 
Welders 1 × 400 = 400 
Deckhands 1 × 400 = 400 
Cooks 2 × 300 = 600 
Total    = 11300‎€/week 





Cost of fuel and lubricants:  
The rate of fuel consumption is equal to 0.182 liters per horsepower per hour (ref). The total 
working power 2310 kW (w. time 2.5 h) and the sailing power 4000 kW (sailing time 4 h), 
and the calculation of amount of liters per week is illustrated as the following: 
Total hour per week = 168 h, No of trip per week = 168 / 6.5 = 26 trip and 1kW = 1.34 hp. 
Then:   Liters / week = 26 × 0.182 × 1.34 (4000 × 4 + 2310 × 2.5) ≈ 138073 liters 
Then the costs of fuel and lubricants are respectively 138073 and 13807 €/week (1L = 1€ and 
lubricants = 10% from the fuel cost). 
Overhead cost and final costs: For general contact work, assume 9 % from overall costs 
Then the overall costs = 86397 + 138073 + 10400 + 45200 = 280070 €/week 
Overhead cost = 280070 × 0.09 = 25206 €/week 
Final costs = 280070 + 25206 = 305276 €/week 
Losses: The losses of deposit reserve reaches to (60000 * 150 * 0.2 = 1.8 million m
3
) which 
equal 9 million tons of black sand and heavy mineral. 
Calculations of the environmental aspects  
Noise: The mean sound radiation level is expressed in decibels (dB) and man can measure the 
noise by using equation 3.2. The noise value of TSHD is illustrated and measured in many 
references and it equal between 100-110 dB. 
Turbidity: The suction process creates less turbidity because there is no cutter head. Also the 
overflow water which contains fines causes the increasing of suspended sediments and 
turbidity at the dredging site. The turbidity concentrations from table 3.2, is equal 150 mg/l. 
Accuracy: The accuracy is low because the suction pipe is flexible. A vertical accuracy of 
approximately 15 to 25 cm can be obtained.  
Gases emission and cumulative energy used: Then the emission was calculated from the 
input material (steel and plastic) and from energy consumptions (diesel or electrical energy). 
The data used to calculate the emissions are in the appendix (A), which comes from GEMIS 
database.  
The TSHD has a weight of 2400 ton, which corresponds to 2328 ton steel and 72 ton of 





SO2 and CEI equivalent were calculated from material (steel and plastic) and also from diesel 
consumption to get the final emissions which illustrated in table C-2. 
Table C-2: The emissions of CO2, SO2 and CEI equivalent from TSHD 
TSHD CO2 eq SO2 eq CEU eq 
Emission of 2328 ton steel /20year 3608.4 t 11.4072 t 46560000 MJ 
Emission of 72 ton plastic /20 year 176.4 t 0.792 t 5616000 MJ 
Emission of material /year 189240 kg/y 610 kg/y 2608800 MJ/y 
Diesel consumption /year 5917414  l/y 
Emission of diesel /year 18403158 kg/y 171605 kg/y 236696560 MJ/y 
Total emission /year 18592398 kg/y 172215 kg/y 239305360 MJ/y 
Output /year 7300000  t/y 
Total emission /ton ore 2521  g/t 23.6 g/t 9.1   kWh/t 
Calculations of social aspects 
Safety of the crew: When the dredged material is pumped into the hopper, the crew may 
come into contact with it. In this case of sand soils there is no polluted sediment or gases 
content in the dredged material. In addition that, it is equipped with all the safety precautions 
and protection, so you could say it's a very safe and the degree of safety can be classified as 
Excellent 
Marine traffic: Generally, the TSHD is less obstruction to maritime navigation, especially 
because it does not require any auxiliary equipment, so man can be classified as very good.  
Summary of trailing suction hopper dredger 
CO2 eq.  
g/t ore 

















2547 23.5 9.1 305276 98112 9 100 150 20 
Safety and marine traffic    are   Excellent and Very good 
Bucket-wheel dredger BWD 
This is a special type of cutter suction dredger with a minor difference which is the bucket 
wheel rotate perpendicular to the axis of the suction tube, so the formulas which are related to 






The formulas and graph which are related to suction dredger could be used to calculate the 
output, because it is depending on the suction and jet power. 
Calculations of output  
First of all the modification factor fm, must be calculated by the following steps 
 In the figure (4.5 b) by putting hpd (4422) which cut the line of grain size of 0.4 mm 
we get the discharge distance equal 2800 m.  
 In the figure 4.6 by using the discharge distance ( 2800 m) and the same line with 
grain size of  0.4 mm the modification factor will be  (0.17). 
Then the theoretical output can be calculated from equation 4.5 as the following: 
 𝑄𝑡 = 0.17 × 4422 = 751 𝑚
3/𝑕 
Second the face height and dredging depth reduction factor ff, must be calculated by 
calculating the ratio between the working depth (d) and maximum depth for dredger (dmax), 
which equal 0.5, and using this in the figure 4.7 to get the ff, factor which will be (0.6) 
Then the reduction in theoretical output caused by this factor and the output will be Qnom, 
which can be calculated by using equation 4.6 as the following: 
𝑄𝑛𝑜𝑚 = 0.6 × 751 = 450 𝑚
3/𝑕   










450 × 0.998 × 0.33
2 × 75 × 75
= 0.98 
Then the maximum potential output Qmax, will be calculated from equation 4.9 as follows: 
𝑄𝑚𝑎𝑥 = 0.998 × 0.98 × 450 = 440  𝑚
3/𝑕   
The actual output calculated from equation 4.4:  
𝑄 = 0.85 × 0.75 ×  0.85 × 0.85 × 440 = 204 𝑚3 𝑕   
𝑄 = 204 𝑚3 𝑕  × 5 𝑡 𝑚3 = 1020 t h  





𝑄𝑦 = 1020 t h × 24 h × 300 day ≈ 7 million t/y  
Calculations of economical aspects 
Cost of dredger:  
The value of equipment is given as an equation form which can be determined by employing 
characteristic data which are (C: power cutter motors =750 kW, Wcgb: weight of cuter 
gearbox = 0 t, (P+J): power dredging and Jet pumps = 3300 kW and W: lightweight = 1050 t) 
(Bray, 2009). The characteristic of the choosing dredger is shown in the table C-3.  
Table C-3: The characteristic of the choosing BWD (Bray, 2009) 
Power of  cutter 
motors    kW 
Power dredger and  
Jet pumps    kW 
Value                  
€ 
Value               
€ /week 
(D+I)                              
€ /week  
(M+R)                 
€/week 
750 3300 17100000 18270 63441 40830 
𝐶𝑜𝑠𝑡𝑠 𝑜𝑓 𝐵𝑊𝐷 = 18270 + 40830 ≈ 59100 €/week 
 (𝐷 + 𝐼) = 63441 €/week 
The cost of tugboat:  510 + 1663 = 2173 €/week   and   D+I = 1793 €/week 
a) Pipeline cost:  The pipeline design is illustrated in figure C-3. 
 
Figure C-3: Pipeline transporting design 
The floating pipelines calculation 
The characteristic and the cost of choosing floating pipelines from the cost standard tables are 
illustrated in the table C-4. 
Table C-4: The characteristic of the choosing floating pipelines (Bray, 2009). 
Diameter         
mm 




Section value  
€/section 
Depreciation and interest €   
Costs/week 





The length of floating pipeline equal to 1000 m 
The No. of needed section = 1000/ 12 = 84 section 
The cost of all floating section = 84× 27025 = 2270100 € 
The Depreciation and interest = 84×153.9 = 12927 €/week 
The M and R can be assumed as 20% from Depreciation and interest =  2600 €/week 
The shore pipelines calculation 
The characterizations and the cost of choosing shore pipelines from the cost standard tables 
are illustrated in the table C-5. 
The length of shore pipeline equal 14000 m 
The No. of needed section = 14000/ 12 = 1170 section 
The cost of shore sections = 1170× 5175 = 6054750 € 
The Depreciation can be calculat by dividing the value of all shore section by servese life 
(can be assumed 15 years or 645 week) of the pipeline = 6054750/645 = 9000 €/week 
Then the Depreciation and interest = 9000 + 1170×13.9 = 25263 €/week 
The M and R can be assumed as 20% from Depreciation and interest =  5000 €/week. 
Table C-5: The characteristic of the choosing shore pipelines (Bray, 2009). 
Diameter         
mm 




Section value  
€/section 
Interest                                           
€/week 
800 12 16 5175 13.9 
The booster station calculation  
The characteristic and the cost of choosing booster station from the cost standard tables are 
illustrated in the table C-6. 
Table C-6: The characteristic of the choosing booster station (Bray, 2009). 
Booster P. 
 power kW 
Value  
D+I      
€ /week  
M+R         
    € /week 





The length of shore pipeline equal to 14000 m and the discharge distance about 2000 m (from 
figure 4.5 b). So that 7 boosters are enough for this distance.    
The cost of all boosters = 4200000× 7 = 30000000 € 
The Depreciation and interest = 22302×7 = 156114 €/week 
The Mintenance and repair = 12180 ×7 = 85260 €/week 
The overall costs = 2270100 + 6054750 + 30000000 = 38324850 € 
The Depreciation and interest = 12927 + 25263 + 156114 = 194304 €/week 
The Mintenance and repair = 2600 + 5000 + 85260 = 92860 €/week 
The final costs (DI and MR) = 194304 + 92860 = 287164 €/week 
Also the emission must be calculated for the all booster to add to overall emissions which, 
has a weight of 170×4 ton, which corresponds to 660 ton steel and 20 ton of plastic, also the 
consumption of diesel was calculated as 3000 × 0.182 × 1.34 × 24 × 300 = 5267808 l/y.   
The emission of CO2, SO2 and CEI equivalent were calculated from material (steel and 
plastic) and also from diesel consumption to get the final emissions which illustrated in table 
C-7. 
Table C-7: The emissions of CO2, SO2 and CEU equivalent from booster. 
Booster CO2 eq SO2 eq CEU eq 
Emission of 660 ton steel /20year 1023 t 3.234 t 13200000 MJ 
Emission of 20 ton plastic /20 year 49 t 0.22 t 1560000 MJ 
Emission of material /year 53600 kg/y 173 kg/y 738000 MJ/y 
Diesel consumption /year 5267808 l/y 
Emission of diesel /year 16382883 kg/y 152766 kg/y 210712320 MJ/y 
Total emission /year 16436483 kg/y 152939 kg/y 211450320 MJ/y 
Output /year 7300000  t/y 
Total emission /ton ore 2348 g/t 21.8 g/t 8.4 kWh/t 
b) Hopper vessels cost 
The number of hopper will be used in transporting the dredged material must be calculated by 
using the sailing distance (15 km), the average speed of sailing and the output rate (1020 t/h).  
The characteristic and the cost of choosing hopper vessel from the cost standard tables are 





Table C-8: The characteristic of the choosing hopper vessel (Bray, 2009). 
Carying caoacity       
t 
Propulsion power  
kW 
Value                  
€ 
Value                  
€ /week 
D+I                  
€ /week  
M+R                   
€ /week 
2000 750 2890000 2223 6156 3468 
To calculate the number of hopper vessels need for transportation, the loading, sailing and 
dumping time must be calculated as the following: 
The loading time was calculated as dividing hopper capacity by output = (2000 / 1020) = 2h 
and the dumping time can be assumed as loading time. 
Sailing time can be calculated from equation 4.5 by assuming the average speed =10 knot.  
Then Sailing time = 1.02 × 15/10 = 1.53 ≈ 1.6 h. Then the total sailing time = 3.2 h 
No of hopper needed = total cycle time / loading time = 7.2 / 2 ≈ 4 hopper.    
Then the costs of vessels = 2890000 × 4 = 11560000 € 
The costs / week = 11560000 / (25×52) = 8892 €/week 
The Mintenance and repair = 3468 × 4 = 13872 €/week 
The cost of hopper vessels = 8892 + 13872 = 22764 €/week 
D+I = 6156 × 4= 24624 €/week 
The comparison between the two ways of transporting shows that the results of the hopper 
vessels transport is more economic and has less in emissions of gases. So that in final 
calculation, the hopper vessels transport will be used.    
Overhead cost: For general contact work, assume 9 % from overall costs 
Then the overall costs = 59100 + 2173 + 22764 + 196665 + 19666 + 103600 = 403968 
€/week 
Overhead cost = 403968 × 0.09 = 36357 €/week 
Final costs = 403968 + 36357 = 440325 €/week 
Final (D+I) = 63441 + 1793 + 24624 = 89858 €/week 
Losses: The accuracy of the excavated profile is 10 cm and the calculation of the losses 
reaches to (60000 × 150 × 0.1 = 0.9 million m
3






Cost of crew: The crew cost is depending on the position of every member and the economic 
conditions of the country, which the project takes place, so in the following calculation the 
weekly rats of every member of crew was assumed. 
Position Number  Week rate  Cost per week 
Captains 3 × 1000 = 3000 
Assistant 3 × 800 = 2400 
Eng. mechanical 2 × 650 = 1300 
Eng. electrical 2 × 650 = 1300 
Eng. electronic 2 × 650 = 1300 
Operators 20 × 650 = 13000 
Winch man 4 × 400 = 1600 
Welders 1 × 400 = 400 
Deckhands 1 × 400 = 400 
Cooks 4 × 300 = 1200 
Total    = 25900‎€/week 
Calculations of the environmental aspects 
Noise: It has a noisy engine, which responsible on the high level of noise. In populated areas, 
the dredger can be a continuous source of significant noise levels, reaching 100 to 115 dB.  
Turbidity: The concentrations in the choosing dredger from table 3.2, equal 250 mg/l. 
Accuracy: Good accuracy of the excavated obtained because the head movement is 
controlled and it reach to 10 cm. 
Calculations of social aspects 
Safety of the crew: The transport occurs in closed circuit. The crew has no contact with the 
material. Generally this dredger is safety in all operation system. In addition, it is equipped 
with all the safety protection, so you could say it's safe and the degree of safety can be 
classified as very good. 
Marine traffic: Generally, the BWD is a medium obstruction to maritime navigation, because 
it uses many vessels to transport the dredging material. So that it’s affected in the navigation 
on this area and can be classified as good dredger for marine traffic.  
Gases emission and cumulative energy used: The BWD has a weight of 1050 ton and the 
hopper vessels has a weight of 2460 ton, which corresponds to 3405 ton steel and 105 ton of 





SO2 and CEI equivalent were calculated from the material (steel and plastic) and also from 
diesel consumption to get the final emissions, see table C-9. 
Table C-9: The emissions of CO2, SO2 and CEI equivalent from BWD. 
BWD CO2 eq SO2 eq CEU eq 
Emission of 3405 ton steel /20year 5277.75 t 16.6845 t 68100000 MJ 
Emission of 105 ton plastic /20 year 257.25 t 1.155 t 8190000 MJ 
Emission of material /year 276750 kg/y 892 kg/y 3814500 MJ/y 
Diesel consumption /year 8428500 l/y 
Emission of diesel /year 26212635 kg/y 244426 kg/y 337140000 MJ/y 
Total emission /year 26489385 kg/y 245318 kg/y 340954500 MJ/y 
Output /year 7300000  t/y 
Total emission /ton ore 3784 g/t 35 g/t 13.5 kWh/t 
Summary of bucket wheel dredger 
CO2 eq.  
g/t ore 

















3784 35 13.5 440325 89858 4.5 115 250  10 
Safety and marine traffic    are   Very good and Good 
Grab dredger  
Grab dredgers are either self-propelled or dumb. Self-propelled dredgers have their own 
hoppers. Dumb dredgers discharge their dredged material into a hopper alongside. For both 
types there is no particular relationship between grab and hopper size.  
Estimating output 
The following information is, therefore, required to estimate output: 
B : The bulking factor; 
C : The bucket capacity (m
3
) of the grab; 
N : The number of grab cranes (grab hopper dredgers only); 
H : The hopper capacity (m
3
) (grab hopper dredgers or attendant barge) for the soil type; 
d  : The average dredging depth (m); 





A : The average area dredged (m
2
) by each crane in one dredging position; 
g  : The distance to the disposal site (km) (grab hopper dredgers only); 
ta  : The time required (hours) to advance to the next dredging position; 
th  : The time required (hours) to change hoppers (dumb grab dredgers only). 
The digging action is powered by the weight of the grab bucket, so the productive unit must 
be modified according to the digability of the soil and size of grab, which called modification 
factor fm and illustrated in table C-10. 
Table C-10: Grab dredger; fm for various soil types and bucket sizes (Herbich, 2000). 
Soil type  
Modification factor, fm 
2 m3 bucket 4 m3 bucket 
Mud  0.75 0.80 
Loose sand  0.70 0.75 
Compact sand  0.60 0.70 
Sand and clay  0.50 0.60 
Stones  0.35 0.45 
Broken rock (pre-treated) 0.20 0.30 
NB: Factors will be higher for large buckets. 
The uninterrupted output, Qnom can be obtained from figure C-4, which gives values of Qnom 
depending on different depths, bucket capacities and modification factors. Also when the 
thickness of deposit, z, is smaller than the usual digging of the bucket there will be a 
reduction in efficiency. Qnom should be reduced to account for this.  
Dumb dredger: Delay factors due to advancing the dredger (fa) and changing hoppers (fh) 












                                                                               …  43 
The maximum potential output can then be expressed as follows: 







Figure C-4: Nominal output, for various bucket sizes and dredger characteristics (Bray,1996). 
Self-propelled dredger: The delay factor, fg, due to casting off, sailing to the dumping area, 








                                                            … 45 
This allows the maximum potential output, Qmax, to be calculated from: 
𝑄𝑚𝑎𝑥 = 𝑓𝑎𝑓𝑔𝑄𝑛𝑜𝑚                                                                                     … 46 
The dumb type will be take part in this work after output and economical comparison 





Calculation of output 
First, the modification factor fm, can be obtained from table C-10 by knowing the soil type 
and bucket size which will be equal 0.75  
Second the nominal uninterrupted output can be obtained from figure C-4, which gives values 
of Qnom = 200 m
3
/h based on dredging depth between 10 to 15m, bucket capacities = 4m
3
 and 
modification factors = 0.75.  
Third the delay factors must be calculated from equations 42 and 43 by assuming the 
following parameters:   
ta = 15 min or 0.25 h, th = 6 min (i.e. 0.1 h),  A= 450 m
2










0.1 × 0.9 × 200 × 1.2
400
   = 0.95  
Then the maximum potential output Qmax, will be calculate from equation 44 as following: 
𝑄𝑚𝑎𝑥 = 0.9 × 0.95 × 200 = 171  𝑚
3/𝑕   
The actual output and the annual output of GD used calculated as following:  
𝑄 = 0.85 × 0.85 ×  0.9 × 0.85 × 171 = 94 𝑚3 𝑕   
𝑄 = 94 𝑚3 𝑕  × 5 𝑡 𝑚3 = 470 t h  
𝑄𝑦 = 470 t h × 24 h × 300 day ≈ 3.38 million t/y  
Calculations of economical aspects 
The Grab dredger is not self-contained, so tugboat and hopper vessels must be calculated 
with the overall costs in this type of dredger.  
Cost of dredger: The choosing dredger is shown in the table C-11.  
Table C-11: The characteristic of the choosing GD (Bray, 2009). 
Installed power  
exacavator 
Value                     
€ 
Value                     
€/week 
Depreciation and interest           
€ /week  
Mintenance and repair             
€/week 





𝐶𝑜𝑠𝑡𝑠 𝑜𝑓 𝐺𝐷 = 2 ×  1675 + 6616 = 16582 €/week 
𝐷 + 𝐼 = 9297 €/week 
Tugboat costs:  Tugboat = 2173 €/week   and   D+I = 1793 €/week 
Hopper vessels costs: Hopper vessels = 22764 €/week and D+I = 24624 €/week 
Cost of crew:  
The crew cost is depending on the position of every member and the economic conditions of 
the country, which the project takes place, so in the following calculation the weekly rats of 
every member of crew was assumed. 
 
Position Number  Week rate  Cost per week 
Manager  1 × 1000 = 1000 
Eng. mechanical 1 × 700 = 700 
Eng. electrical 1 × 700 = 700 
Dredger driver 2 × 600 = 1200 
Vessel driver 4  600  2400 
Operators 14 × 500 = 7000 
Welders 1 × 400 = 400 
Deckhands 1 × 400 = 400 
Cooks 2 × 300 = 600 
Total    = 14400‎€/week 
Then the total cost for 4 crews to work 3 shift per day = 57600 €/week  
Cost of fuel and lubricants: Total working hour of one hopper vessel per week = 168 / 2 = 
84 h 
Liters / week = 0.182 × 1.34 (168 × 2 ×650 + 4 × 84 × 750) ≈ 114721 liters 
The cost of fuel and lubricants = 114721 and 11472 €/week.        
Overhead cost  
Then the overall costs = 16582 + 2173 + 22764 + 114721+ 11472+ 57600 = 225312 €/week 
Overhead cost = 225312 × 0.09 = 20278 €/week 
Final costs = 225312 + 20278 = 245590 €/week 





Losses: The losses reach to (60000 * 150 * 0.4 = 3.6 million m
3
) which equal 18 million tons 
of black sand and heavy mineral 
Calculations of environmental aspects 
Gases emission and cumulative energy used: There are two GD has a weight of 400 ton and 
the hopper vessels has a weight of 2460 ton, which corresponds to 2774 ton steel and 86 ton 
of plastic, also the consumption of diesel was calculated as 4916614 l/y.  
The emission of CO2, SO2 and CEI equivalent were calculated from material (steel and 
plastic) and also from diesel consumption to get the final emissions which illustrated in table 
C-12. 
Table C-12: The emissions of CO2, SO2 and CEI equivalent from GD. 
GD CO2 eq SO2 eq CEU eq 
Emission of 2774 ton steel /20year 4299.7 t 13.5926 t 55480000 MJ 
Emission of 86 ton plastic /20 year 210.7 t 0.946 t 6708000 MJ 
Emission of material /year 225520 kg/y 727 kg/y 3109400 MJ/y 
Diesel consumption /year 5917414  l/y 
Emission of diesel /year 15290669 kg/y 142582 kg/y 196664560 MJ/y 
Total emission /year 15516189 kg/y 143309 kg/y 199773960 MJ/y 
Output /year 7300000  t/y 
Total emission /ton ore 2295 g/t 21.2 g/t 8.2 kWh/t 
Noise: The noise value of GD is equals 85-100 dB. 
Turbidity: The problem here is the position of its bucket while raising the materials which 
increase the generation of turbidity. The turbidity concentrations in the choosing dredger 
from table 3.2 equal 750 mg/l (Bray, 2008).  
Accuracy: It is bad type in case of accuracy of the cutting which reaches to 0.35 to 0.50 m. 
Calculations social aspects 
Safety of the crew: This danger exists in the whole process when raising the material through 
the water, loaded into barges, and transported in open barges. So you could say it's not safe 
and the degree of safety can be classified as bad. 
Marine traffic: Generally, the GD is medium obstruction to maritime navigation, so it affects 





Summary of Grab dredger 
CO2 eq.  
g/t ore 
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Safety and marine traffic    are   Bad and Good 
 
Backhoe dredger 
The backhoe dredger is unique type and there are many characteristics such as power, bucket 
capacity and boom length which are affecting on the estimation of the output. In this 
calculation it is assumed that the relation between bucket capacity and power is standardized 
(Bray, 1996). 
 Estimating output 
The following information must be estimated: 
B : the bulking factor; 
C : the bucket capacity ( m
3
) of the dredger; 
z : the average thickness (m) of material to be dredged in one cut; 
d : the average dredging depth (m) below water level; 
H : the capacity ( m
3
) of the attendant hopper barge for the soil type; 
A : the area ( m
2
) covered from one dredging position; 
ta : the time required (hours) to advance to the next dredging position; 
th : the time required (hours) to change hoppers. 
The base productive unit for the backhoe dredger is the bucket capacity. To take account of 
the soil conditions must be modified according to the digability of the soil, as shown in table 
C-13. 
The nominal output, Qnom, is depending on dredging depth and soil type. In figure C-5 the 






Table C-13: Backhoe dredger; modification factor for various soil types ((Bray, 1996). 
Soil type  Modification factor, fm 
Silts and soft clays 1.2 
Sand and gravel 0.90 
Sandy clay 0.80 
Medium dense clay 0.75 
Wet sticky clay 0.72 
Broken rock (pre-treated) 0.55 
Weak friable rock 0.30 
NB- Factors will increase for large amounts of bulk dredging. 
 





Delay factors due to advancing and changing hoppers (fa, fh) can be calculated from the same 
equations of grab dredger. Then the maximum potential output can be calculated also from 
grab dredger equation assuming the following assumptions:  
 The area covered in one position = (0.67.dmax)
 2
 
  Advance time, ta = 2.5 minutes  
 Barge changeover time, th = 15 minutes. 
Calculation of output: First, the modification factor fm, can be obtained from table D.15 by 
knowing the soil type which will be equal 0.90.  
Second the nominal uninterrupted output can be obtained from figure C-5, which gives values 
of Qnom = 200 m
3
/h based on dredging depth between 10 to 14m, bucket capacities = 4m
3
 and 
modification factors = 0.9.  
Third the delay factors calculated at ta = 15 min, th = 6min, A= 250 m
2










0.1 × 0.91 × 200 × 1.2
400
   = 0.94  
𝑄𝑚𝑎𝑥 = 0.91 × 0.94 × 200 = 171  𝑚
3/𝑕   
The actual output and the annual output will be calculated as following:  
𝑄 = 0.85 × 0.85 ×  0.9 × 0.85 × 171 = 94 𝑚3 𝑕   
𝑄 = 94 𝑚3 𝑕  × 5 𝑡 𝑚3 = 470 t h  
𝑄𝑦 = 470 t h × 24 h × 300 day ≈ 3.38 million t/y  
Then number of dredgers must be used for the annual output 6 million ton will be 2 dredgers. 
Calculations of economical aspects 
Cost of dredger: The value and the characteristic of the choosing dredger are illustrated in the 
table C-14.  
𝐶𝑜𝑠𝑡𝑠 𝑜𝑓 𝐵𝐻𝐷 = 2(23270 + 27465) = 101470 €/week 






Table C-14: The characteristic of the choosing BHD (Bray, 2009). 
Installed power  
exacavator 
Value                       
€ 
Value                     
€/week 
Depreciation and interest  
€/week  
Mintenance and repair  
€ /week 
900 12100000 11635 64042 27465 
Tugboat costs:  Tugboat = 2173 €/week   and   D+I = 1793 €/week 
Hopper vessels costs: The hopper vessels = 22764 €/week and D+I = 24624 €/week 
Cost of fuel and lubricants: 
 The calculation of amount of liters per week is illustrated as the following: 
Total working hour of one hopper vessel per week = 168 / 2 = 84 h 
Liters / week = 0.182 × 1.34 (168 × 2 × 900 + 4 × 84 × 750) ≈ 135207 liters 
The cost of fuel and lubricants = 135207 and 13521 €/week 
Cost of crew: The following calculation the weekly rats of every member of crew was 
assumed. 
Position Number  Week rate  Cost per week 
Manager 1 × 1000 = 1000 
Eng. mechanical 1 × 700 = 700 
Eng. electrical 1 × 700 = 700 
Dredger driver 2 × 600 = 1200 
Vessel driver 4  600  2400 
Operators 14 × 500 = 7000 
Welders 1 × 400 = 400 
Deckhands 1 × 400 = 400 
Cooks 2 × 300 = 600 
Total    = 14400‎€/week 
Then the total cost for 4 crews to work 3 shift per day = 57600 €/week  
Overhead cost:  Then the overall costs = 101470 + 2173 + 22764 + 135207+ 13521+ 57600 
= 332735 €/week 
Overhead cost = 332735 × 0.09 = 29946 €/week 
Final costs = 332735 + 29946 = 362681 €/week 
D+I =128084 + 1793 + 24624 = 154501 €/week 





Calculations of environmental aspects 
Gases emission and cumulative energy used: There are two BHD has a weight of 480 ton 
and the hopper vessels has a weight of 2460 ton, which corresponds to 2852 ton steel and 88 
ton of plastic, also the consumption of diesel was calculated as 5794586 l/y.  The emission of 
CO2, SO2 and CEI illustrated in table C-15. 
Table C-15: The emissions of CO2, SO2 and CEI equivalent from BHD. 
BHD CO2 eq SO2 eq CEU eq 
Emission of 2852 ton steel /20year 4420.6 t 13.9748 t 57040000 MJ 
Emission of 88 ton plastic /20 year 215.6 t 0.968 t 6864000 MJ 
Emission of material /year 231810 kg/y 747 kg/y 3195200 MJ/y 
Diesel consumption /year 5917414  l/y 
Emission of diesel /year 18021162 kg/y 168043 kg/y 231783440 MJ/y 
Total emission /year 18252972 kg/y 168790 kg/y 234978640 MJ/y 
Output /year 7300000  t/y 
Total emission /ton ore 2700  g/t 25 g/t 9.7 kWh/t 
Noise: The noise value is equal to 100 dB. 
Turbidity: The problem is the position of its bucket when raising the material and the 
operator must be attention to keeping it in horizontal position to prevent the spillage. The 
turbidity in this dredger from table 3.2 equal 530 mg/l.  
Accuracy: Accuracy down to 10 cm is attainable, albeit with reduced productivity. 
Calculations of social aspects 
Safety of the crew: The danger exists throughout the whole process, so you could say it's not 
safe and the degree of safety can be classified as bad. 
Marine traffic: Generally, the BHD is medium obstruction to maritime navigation, and can 
be classified as good dredger for marine traffic.  
Summary of backhoe dredger 
CO2 eq.  
g/t ore 
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This is uncommon type and used in a specific task, therefore the main characteristics of 
power, bucket size and maximum dredging depth are not standard (Bray, 1996).   
Estimating output 
The following information is required, or must be estimated: 
B : the bulking factor; 
C : the bucket capacity ( m
3
) of the dredger; 
z : the average thickness (m) of material to be dredged in one cut; 
H : the capacity ( m
3
) of the attendant hopper barge for the soil type; 
A : the area ( m
2
) covered from one dredging position; 
ta : the time required (hours) to advance to the next dredging position; 
th : the time required (hours) to change hoppers. 
The productive unit of this type is depending on the bucket capacity and the digability of the 
soil, as shown in table C-16. It is designed to work in water depths of between 10 and 20 m. 
There is a relationship between the bucket capacity and output which is shown in different 
values of fm in the lower right hand of figure C-6. In figure C-6 the lower half of the diagram 
can be used to assess Qnom in different bucket capacity and modification factor. 
Table C-16: Dipper dredger; modification factor for various soil types (Herbich, 2000). 
Soil type  Modification factor, fm 
Sand 0.90 
Medium clay 0.72 
Gravel 0.60 
Stiff clay 0.40 
Pre-treated/highly fractured rock 0.33 
Weak rock 0.30 
NB- Factors will increase for large amounts of bulk dredging.. 
The maximum output equal to 170 m
3
/h and the delay factors calculated by assuming ta = 3 
min or 0.05 h, th = 15 min or 0.25 h, A= 50 m
2














0.25 × 0.91 × 205 × 1.2
400
   = 0.88  
𝑄𝑚𝑎𝑥 = 0.91 × 0.88 × 205 = 164  𝑚
3/𝑕   
 





The actual output and the annual output calculated as following:  
𝑄 = 0.85 × 0.85 ×  0.9 × 0.85 × 164 = 90 𝑚3 𝑕   
𝑄 = 90 𝑚3 𝑕  × 5 𝑡 𝑚3 = 450 t h  
𝑄𝑦 = 450 t h × 24 h × 300 day ≈ 3.24 million t/y  
Therefore, the number of dredgers used for the annual output 6 million ton is two dredgers. 
Calculations of economical aspect 
Cost of dredger: The cost of dipper dredger is similar to the grab dredger and the finale costs 
of this type of dredger as the follows:  
𝐶𝑜𝑠𝑡𝑠 𝑜𝑓 𝐷 = 16582 €/week 
𝐷 + 𝐼 = 9297 €/week 
Tugboat costs: Tugboat is = 2173 €/week   and   D+I = 1793 €/week 
Hopper vessels costs: The hopper vessels = 22764 €/week and D+I = 24624 €/week 
Cost of fuel and lubricants: The cost of fuel and lubricants also the same with the grab 
dredger (114721 and 11472 €/week) 
Cost of crew: The crew cost also the same with the grab dredger which equal 57600 €/week  
Overhead cost: The overall costs as the same with the grab dredger 
Final costs = 245590 €/week and final D+I = 35714 €/week 
Losses: The losses will be equal 22.5 million tons of black sand and heavy mineral 
Calculations of environmental aspects 
Noise: The noise equals 100 dB. 
Turbidity: The turbidity concentrations in the choosing dredger from table 3.2 equal 900 
mg/l.  
Accuracy: Without sophisticated monitoring equipment, precise positioning is impossible. 
Monitoring systems and special-purpose grabs allow accuracies of around 0.50 m. 
Gases emission and cumulative energy used: There are two DD has a weight of 480 ton and 
the hopper vessels has a weight of 2460 ton, which corresponds to 2852 ton steel and 88 ton 





calculated from material and also from diesel consumption to get the final emissions which 
illustrated in table C-17. 
Table C-17: The emissions of CO2, SO2 and CEI equivalent from DD. 
DD CO2 eq SO2 eq CEU eq 
Emission of 2852 ton steel /20year 4420.6 t 13.9748 t 57040000 MJ 
Emission of 88 ton plastic /20 year 215.6 t 0.968 t 6864000 MJ 
Emission of material /year 231810 kg/y 747 kg/y 3195200 MJ/y 
Diesel consumption /year 5917414  l/y 
Emission of diesel /year 15290669 kg/y 142582 kg/y 196664560 MJ/y 
Total emission /year 15522479 kg/y 143329 kg/y 199859760 MJ/y 
Output /year 7300000  t/y 
Total emission /ton ore 2395 g/t 22 g/t 8.6 kWh/t 
Calculations of social aspects 
Safety of the crew: It is not safe throughout the whole process and can be classified as bad. 
Marine traffic: It and can be classified as good dredger for marine traffic.  
Summary of suction dredger 
CO2 eq.  
g/t ore 
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Calculation of the weighting (w) by using AHP method 
According to tables (B-1 – B-2) and the formulas from 10 to 17, in appendix B the weights of 
all indicators regarding their significance indicating could be calculated.  
 
Weights of all indicators on the hierarchy level of the criterion 
U U1 U2 U3 U4    
U1 1 0.5 0.5 2    
U2 2 1 1 4    
U3 2 1 1 3    
U4 0.5 0.25 0.333333 1    
Sum 5.5 2.75 2.833333 10 
  




























Weights of the indicators of characteristic of the dredging equipments    
U U11 U12 U13 U14   
U11 1 3 0.25 4   
U12 0.3333 1 0.5 2 
  
U13 2 2 1 4   
U14 0.25 0.5 0.25 1 
  
Sum 3.5833 6.5 2 11 
  




































Weights of the indicators of environmental aspects    
U U11 U12 U13 U14 U15 U16 
  U11 1 4 3 2 2 4 
  U12 0.25 1 0.5 0.25 0.25 0.3333 
  U13 0.3333 2 1 0.5 0.5 3 
  U14 0.5 4 2 1 2 2 
  U15 0.5 4 2 0.5 1 2 
  U16 0.25 3 0.3333 0.5 0.5 1 
  Sum 2.8333 18 8.5 4.75 5.75 12.3333 
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Weights of the indicators of economic aspects    
U3 U31 U32 U33 U34    
U31 1 1 4 5    
U32 1 1 4 5    
U33 0.25 0.25 1 0.5    
U34 0.2 0.2 2 1    
Sum 2.45 2.45 11 11.5 
   












     
0.403686 
  






















Weights of the indicators of social aspects    
U4 U41 U42 U43 U44    
U41 1 3 5 4    
U42 0.3333 1 0.5 0.5    
U43 0.2 2 1 0.5    
U44 0.25 2 2 1    
Sum 1.7833 8 8.5 6 
  











   
    
0.113514 
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Calculation of the PCA evaluation method 
Standardized data assessment indicators from the dredgers characteristic 
Type of dredgers x1 x2 x3 x4 
TSHD 1.893498 -0.71794 2.157992 1.896533 
TSHD split bottom 1.387952 -0.91537 0.714958 0.826694 
CSD self prop. 0.629634 1.256386 0.354199 1.147645 
CSD not self prop. 0.376861 0.861522 -0.00656 0.398758 
BWD 0.124088 0.66409 0.714958 0.18479 
SD -0.12868 -0.12564 0.354199 -0.02918 
WID -0.63423 -1.50766 -0.36732 -1.03483 
BH -1.24088 0.861522 -1.08883 -0.45711 
GD -0.887 -1.31023 -0.80023 -1.09902 
BLD -0.887 -0.12564 -0.87238 -1.05622 
DD -0.63423 1.058954 -1.16099 -0.77806 
 
Standardized data assessment indicators from the environmental aspects 
Type of dredgers x1 x2 x3 x4 x5 x6 
TSHD -0.93089 0.700116 -0.37402 -0.35244 -0.34663 1.155771 
TSHD split bottom -0.93089 0.2471 -0.50828 -0.51608 -0.51379 2.003337 
CSD self prop. -0.56906 0.926625 1.620735 1.626127 1.627477 -0.53936 
CSD not self prop. -0.56906 0.2471 1.31385 1.304797 1.309073 -0.32747 
BWD 0.1546 0.926625 1.102867 1.105453 1.094151 -0.32747 
SD -1.11181 -1.56497 0.64254 0.629408 0.640425 -0.53936 
WID -0.56906 -2.01798 -0.42197 -0.41194 -0.42623 -0.96314 
BH 0.444065 -0.43242 -0.18221 -0.17392 -0.17946 -0.96314 
GD 1.240091 0.2471 -1.14123 -1.13791 -1.14263 0.731988 
BLD 1.059176 0.926625 -1.02615 -1.03675 -1.03119 -0.96314 






Standardized data assessment indicators from the economic aspects 
Type of dredgers x1 x2 x3 x4 
TSHD 0.302939 0.507795 -1.31244 1.235834 
TSHD split bottom 0.345299 0.756841 -1.31244 1.235834 
CSD self prop. 1.34782 1.041465 -0.10937 0.830038 
CSD not self prop. 0.93834 0.899153 -0.10937 0.830038 
BWD 0.93834 0.899153 -0.10937 0.62714 
SD -0.06418 -0.52397 1.093697 0.018445 
WID -0.91138 -1.05764 -1.31244 -0.38735 
BH 0.740659 0.934731 1.093697 -0.99605 
GD -1.47618 -1.34226 -0.10937 -1.19894 
BLD -0.68546 -0.77301 1.093697 -0.79315 
DD -1.47618 -1.34226 1.093697 -1.40184 
 
Standardized data assessment indicators from the social aspects 
Type of dredgers x1 x2 x3 x4 
TSHD 0.301511 1.711451 1.209616 -1.1847 
TSHD split bottom 0.301511 1.711451 1.209616 -1.1847 
CSD self prop. 0.603023 0.32037 0.576008 -0.59235 
CSD not self prop. 0.603023 0.32037 0.576008 -0.59235 
BWD 0.603023 0.32037 0.576008 -0.59235 
SD 1.206045 -0.14332 0.576008 -0.29617 
WID 1.206045 -0.60702 -0.0576 -0.29617 
BH -1.20605 -0.88523 -1.32482 0.888523 
GD -1.20605 -1.07071 -1.32482 0.888523 
BLD -1.20605 -0.60702 -0.69121 1.480872 
DD -1.20605 -1.07071 -1.32482 1.480872 
 
Calculation of the correlation matrix R of the standardized data 
From the privies tables, the resulting correlation matrices by using the formula (25), as 
showed in following tables. 
Correlation matrix R1 of the assessment indicators from the dredgers characteristic 
 
x1 x2 x3 x4 
x1 1 -0.09264 0.914618 0.926676 
x2 -0.09264 1 -0.17897 0.170858 
x3 0.914618 -0.17897 1 0.879146 






Correlation matrix R2 of the assessment indicators from the environmental aspects 
 
x1 x2 x3 x4 x5 x6 
x1 1 0.221062 -0.55648 -0.55886 -0.55978 -0.05855 
x2 0.221062 1 0.136417 0.137242 0.138571 0.27619 
x3 -0.55648 0.136417 1 0.999939 0.99995 -0.34789 
x4 -0.55886 0.137242 0.999939 1 0.999969 -0.34761 
x5 -0.55978 0.138571 0.99995 0.999969 1 -0.34548 
x6 -0.05855 0.27619 -0.34789 -0.34761 -0.34548 1 
 
Correlation matrix R2 of the assessment indicators from the economic aspects 
 
x1 x2 x3 x4 
x1 1 0.968888 -0.14702 0.728421 
x2 0.968888 1 -0.22997 0.731058 
x3 -0.14702 -0.22997 1 -0.63244 
x4 0.728421 0.731058 -0.63244 1 
Correlation matrix R2 of the assessment indicators from the social aspects 
 
x1 x2 x3 x4 
x1 1 0.508904 0.802369 -0.82156 
x2 0.508904 1 0.907576 -0.86246 
x3 0.802369 0.907576 1 -0.93829 
x4 -0.82156 -0.86246 -0.93829 1 
 
Calculate the Eigenvalues and Eigenvectors of the correlation matrix 
Here are the calculation of eigenvalues and eigenvectors of the correlation matrices R1, R2, 
R3, and R4. The calculation was done by using (MathCAD computer program)  
Eigenvalues and eigenvectors of the matrix R1 
Eigenvector 
Eigenvalues % % 
ci1 ci2 ci3 ci4 
0.584 -0.03 0.574 0.573 2.818 70.45 70.45 
-0.04 0.965 -0.13 0.224 1.068 26.7 97.15 
-0.583 0.127 0.78 -0.18 0.084 2.1 99.25 







Eigenvalues and eigenvectors of the matrix R2 
Eigenvector 
Eigenvalues % % 
ci1 ci2 ci3 ci4 ci5 ci6 
-0.345 0.034 0.528 0.528 0.528 -0.207 3.509 58.49139 58.49139 
0.085 0.813 0.074 0.074 0.076 0.561 1.252 20.86954 79.36093 
0.691 0.344 0.063 0.061 0.059 -0.626 1.014 16.90233 96.26325 
0.629 -0.469 0.219 0.209 0.209 0.499 0.224 3.733847 99.9971 
0.0009 -0.0001 -0.223 0.792 -0.568 0.002 0.000097 0.001617 99.99872 
-0.007 0.004 0.784 -0.201 -0.588 -0.002 0.000077 0.001284 100 
Eigenvalues and eigenvectors of the matrix R3 
Eigenvector 
Eigenvalues % % 
ci1 ci2 ci3 ci4 
0.662 0.674 -0.288 0.157 2.222 55.55 55.55 
0.609 0.594 0.227 -0.474 1.323 33.075 88.625 
-0.201 -0.331 0.567 0.727 0.376 9.4 98.025 
0.054 -0.551 0.38 0.741 0.079 1.975 100 
Eigenvalues and eigenvectors of the matrix R4 
Eigenvector 
Eigenvalues % % 
ci1 ci2 ci3 ci4 
0.454 0.481 0.533 -0.528 3.435 85.85354 85.85354 
0.764 -0.639 -0.091 -0.017 0.497 12.42189 98.27543 
0.183 0.12 0.542 0.812 0.062 1.549613 99.82504 
-0.421 -0.588 0.644 -0.248 0.007 0.174956 100 
 
Select the principle component and calculation of evaluation values 
The selection of principle component (PA) is that the accumulation portion of the variance 
(PA) selected more than 85%, wherein the formula (32) specifies the calculation method. 
According to this principle and the tables from correlation matrix, the principle component 
can select all affiliated systems of the dredging equipments. 
The evaluation function in PCA for the dredgers characteristic system is: 
𝑦1 = 0.584𝑥1 − 0.03𝑥2 + 0.574𝑥3 + 0.573𝑥4 





The evaluation function in PCA for the environmental system is: 
𝑦1 = −0.345𝑥1 + 0.034𝑥2 + 0.538𝑥3 + 0.538𝑥4 + 0.538𝑥5 − 0.207𝑥6 
𝑦2 =   0.085𝑥1 + 0.813𝑥2 + 0.074𝑥3 + 0.074𝑥4 + 0.076𝑥5 + 0.561𝑥6 
𝑦3 =   0.691𝑥1 + 0.344𝑥2 + 0.063𝑥3 + 0.061𝑥4 + 0.059𝑥5 − 0.626𝑥6 
The evaluation function in PCA for the economic system is: 
𝑦1 = 0.662𝑥1 + 0.674𝑥2 − 0.288𝑥3 + 0.15𝑥4 
𝑦2 = 0.609𝑥1 + 0.594𝑥2 + 0.227𝑥3 − 0.474𝑥4 
The evaluation function in PCA for the social system is: 
𝑦1 = 0.454𝑥1 + 0.481𝑥2 + 0.533𝑥3 − 0.528𝑥4 
This gives the values of all the PCA for the evaluation objects. On this basis one can calculate 
the evaluation values of all affiliated systems. From the following formulas result: 




𝐹2 =  𝑎𝑗 𝑦𝑗 = 0.5849 𝑦1 + 0.2087 𝑦2
𝑚
𝑗=1
+ 0.169 𝑦3 








Where (F1, F2, F3 and F4), respectively, are the scores of dredgers characteristic, 
environmental, economic and social aspects. 
 
